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'  ■  Wednesday,  2l8t  November  1883. — Ramsay  H.   Traquair, 

Esq.,  M.D.,  President,  in  the  Chair. 


Archibald  Geikie,  Esq.,  F.R.S.,  Director  General  of  the 
Geological  Survey  of  Great  Britain  and  Ireland,  delivered 
the  following  opening  address : 

In  his  investigation  of  the  history  of  the  successive 
revolutions  through  which  the  terrestrial  areas  of  tlie  earth's 
surface  have  passed,  the  geologist  places  his  cliief  reliance 
upon  the  remains  of  plants  and  animals  imbedded  in  the 
rocks.  The  distribution  of  land  and  sea  at  different  ancient 
periods,  the  groAvth  and  isolation  or  connection  of  continents 
and  islands,  the  position  of  long-vanished  lakes  and  rivers, 
the  vicissitudes  of  climate  in  past  time — these  and  other 
geographical  changes  depend  in  large  measure  for  their 
evidence  upon  the  testimony  of  organic  remains.  In  the 
reasoning  by  which  the  accepted  conclusions  in  these  matters 
have  been  reached,  there  lies  as  a  fundamental  postulate  the 
assumption  that  the  laws  which  now  govern  the  biological 
domain,  have  been  operative  from  the  beginning.  While 
fossil  forms,  on  the  whole,  depart  more  and  more  from 
living  forms  as  we  trace  them  into  more  ancient  rocks^  yet 
were  we  transported  into  the  Jurassic,  or  Carboniferous,  or 
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SilariaQ  period,  tl^ough '  every  plant  and  animal  voald  be 
new  tp-.U's^^d  Bhould  find  nothing  in  the  strocture  or 
deviiepnient  of  the  organisms  at  variance  with  Uie  recognised 
(vrindiples  on  which  the  living  world  of  to-day  has  been 
constructed. 

To  the  study  of  fossil  organisms  a  distinctive  name — 
Palseontology — has  been  given,  as  if  it  were  a  separate  and 
independent  science.  The  term  is  undoubtedly  a  convenient 
one,  but  its  adoption  has  been  in  certain  respects  unforbunate, 
inasmuch  as  it  has  tended  to  foster  an  impression  that  there 
is  some  essential  difference  between  living  and  extinct  forms 
of  Ufa  The  palieontologist,  however,  can  make  no  satis- 
factory progress  in  his  special  field  of  research,  except  iu  so 
far  as  be  is  equipped  with  a  knowledge  of  existing  organisms. 
This  may  seem  a  truism,  yet  it  has  not  always  been  the 
principle  on  which  palseontological  work  has  been  carried  on. 
But  if  an  acquaintance  with  the  structure,  habits,  and  growth 
of  living  plants  and  animals  is  essential  for  the  proper 
understanding  of  the  biological  relations  of  extinct  forms, 
not  less  imperative  is  the  necessity  that  all  geological 
speculations,  based  wholly  or  partly  upon  the  evidence  of 
fossil  oi^anisms,  should  proceed  upon  the  fullest  attainable 
information  regarding  the  part  played  by  the  representatives 
of  these  organisms  at  the  present  day.     We  need  to  study 
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a  far  more  advantageous  positioa  than  was  enjoyed  by  our 
predecessors  in  the  discussion  of  these  problems.  It  is 
impossible  to  refrain  from  re-examining  long-established  be- 
liefs in  the  light  of  this  newer  knowledge,  and  as  impossible 
to  resist  the  changes  of  opinion  to  which  such  a  review  must 
inevitably  lead.  - 

Among  the  important  contributions  from  recent  deep-sea 
research  towards  an  enlargement  and  readjustment  of  the 
philosophy  of  geology,  I  shall  briefly  mention  a  few  of  the 
more  prominent,  and  devote  the  main  part  of  this  address  to 
a  detailed  exposition  of  one  of  these. 

1.  It  has  now  been  conclusively  established  that  the 
deposits  which  are  gathering  over  the  floor  of  the  wider 
and  deeper  parts  of  the  ocean,  have  no  counterpart  whatever 
among  the  sedimentary  rocks  visible  on  the  land.  Various 
inferences  may  legitimately  be  drawn  from  this  fact,  but 
that  to  which  it  most  obviously  and  directly  leads  is,  that 
the  land  has  never  lain  beneath  the  deeper  and  wider  parts 
of  the  ocean.  Yet  we  have  only  to  turn  to  many  familiar 
geological  writings  to  see  how  wide-spread  has  been  the 
belief  that  land  and  sea  have  been  constantly  changing 
places,  and  that  some  of  the  sedimentary  rocks  that  form  the 
dry  land  were  accumulated  in  abysmal  depths  of  the  sea. 
Had  this  belief  been  well  founded,  it  is  incredible  that 
nowhere  on  the  land  should  any  trace  of  such  deposits  be 
found,  as  have  been  discovered  to  spread  over  the  floor  of  the 
deep  sea.  I  have  elsewhere  tried  to  show  how  strongly  this 
evidence  supports  the  view  of  the  aboriginal  character  of  the 
oceanic  and  terrestrial  areas  of  the  globe.^ 

2.  A  second  branch  of  investigation  of  momentous  signifi- 
cance in  geological  speculation  is  the  determination  of  the 
range  of  temperature  in  the  ocean,  and  the  distribution  of 
submarine  climates.  The  fact,  now  brought  to  light,  that 
the  great  body  of  the  ocean  water  is  cold,  and  that  in  the 
deeper  abysses,  even  at  the  equator,  the  temperature  sinks 
towards  and  even  below  the  freezing-point  of  firesh  water, 
casts  a  totally  new  light  on  the  question  of  the  distribution 

^  Jour.   Boy.   Geog.  Soc.,   1879;   also  Geological   Essays  at  Home  and 
Abroad,  1SS2,  p.  812. 
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and  migrations  of  marine  floras  and  fauaaa.  In  the  Blow 
continuous  creep  of  icy  polar  water  tovarda  the  equator, 
and  the  drift  of  warmer  surface-water  towards  the  poles,  tiie 
system  of  oceanic  circulation  presents  itself  under  a  wholly 
unexpected  aspect  to  the  geologist  Moreover,  he  is  taught 
that,  where  the  configuration  of  the  bottom  permits,  an 
arctic  and  a  temperate  fauna  may  co-exiat  at  the  same  depth, 
and  within  a  mile  or  two  of  each  other,  kept  apart  hy  a 
narrow  interposed  ridge  that  separates  the  cold  from  the 
warmer  water.^  The  mere  announcement  of  such  facts  as 
these  is  suggestive  of  fniitfnl  applications  in  geology.  But 
we  must  await  the  patient  elaboration  and  final  publication 
of  their  results  by  the  naturalists,  who  have  so  skilfully 
planned  and  so  brilliantly  accomplished  their  observations, 
before  we  are  in  a  position  to  comprehend  the  full  geological 
significance  of  the  discoveries. 

S.  A  third  fact  of  fundamental  consequence  recently 
revealed  to  us  is  the  prodigious  abundance  of  life  in  the 
surface-waters  of  tropica)  ocean- currents.  I  shall  have 
more  to  say  on  this  subject  in  the  sequel  I  may  in  the 
meantime  remark,  that  the  fact  is  important  because  the 
profusion  of  pel^c  life  implies  a  copious  supply  of  food 
to  liigher  forms,  and  consequently  an  abnormally  abun- 
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Palaeozoic  Mediterranean  Sea,  may  rather  afford  some 
indication  of  the  direction  in  which  a  current  from  the 
warm  south-west  flowed  eastward  over  what  is  now  the 
centre  of  Europe. 

4.  A  fourth  contribution  to  geology,  from  recent  investiga- 
tions into  the  zoology  of  the  sea,  relates  to  the  manner  iu  which 
coral-reefs  have  been  tbrmeJ.  I  shall  endeavour  to  show,  by 
a  detailed  statement  of  this  case,  how  deep  is  the  debt  that 
geologists  owe  to  the  naturalists  of  those  gi-eat  exploring 
expeditions  which  have  been  so  marked  a  feature  in  the 
scientific  research  of  the  last  decade. 

So  much  additional  iuformatiou  has  in  recent  years  been 
obtained  itgarding  the  physical  and  biological  conditions  of 
the  sea,  that  such  a  problem  as  that  presented  by  the  coral- 
islands  of  mid-oceau  may  well  be  reconsidered.  Several  able 
naturalists  have  lately  called  attention  to  this  prableni,  and 
have  insisted  that  the  generally-received  solution  of  it  is  not 
satiafactoiy.  Among  geologists,  there  may  not  unreasonably 
be  a  good  deal  of  unwilHugness  to  admit  that  this  contention 
can  be  well  founded.  They  have  long  been  accustomed  to 
regard  Danvin's  theory  of  coral- fonnation  with  justifiable 
pride,  as  a  masterpiece  of  exhaustive  observation  and  brilliant 
generalisation.  It  has  played  an  impoilant  part  in  their 
speculations  regarding  the  larger  movements  of  the  earth's 
crust,  and  they  have  been  so  deeply  impressed  with  its 
simplicity,  and  the  grandeur  of  the  conclusions  to  which  it 
leads,  that  they  will  naturally  and  rightly  refuse  to  surrender 
any  portion  of  it  save  under  the  strongest  compulsion  of 
evidence.  Some,  indeed,  may  be  inclined  even  to  resent, 
almost  with  the  warmth  inspired  by  a  personal  injury,  any 
attempt  to  show  that  it  can  uo  lunger  claim  the  general 
applicability  which  has  been  regarded  as  one  of  the  strongest 
arguments  in  its  favour.  But  the  exanjple  of  Darwin's  own 
candour  and  over-masteriug  love  of  truth  remains  to  assure 
ua  that  no  one  would  Imve  welcomed  fresh  discoveries  more 
heartily  than  he,  even  should  they  lead  to  the  setting  aside 
of  some  of  his  own  work.  I  propose  to  give  here,  somewhat 
in  detail,  the  more  important  data  accumulated  in  recent 
years  on  this  subject,  and  to  state  the  conclusions  to  which  a 
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careful  consideration  of  the  evidence  seems  to  me  inevitably 
to  lead. 

Before  the  memorable  voyage  of  the  "  Beagle,"  the 
generally-received  opinion  regarding  the  origin  of  the  circular 
coral-reefs  or  atolls  of  mid-ocean  was,  that  they  had  grown 
up  on  the  rims  of  snbmerged  volcanic  craters.  The  enoTmou's 
size  of  some  of  the  atolls — thirty  miles  in  diameter — might 
have  been  thought  a  sufficiently  formidable  objection  to  this 
explanation.  But  it  did  not  appear  insuperable,  even  to  bo 
cautious  a  philosopher  as  Lyell,  who  only  noticed  it  to  refer 
liis  readers  to  the  great  dimensions  reached  by  truncated 
volcanic  cones,  which,  he  thought,  might  retain  their  forms 
more  easily  under  a  deep  sea  than  on  land.^ 

An  earlier  and  better  theory,  as  Darwin   admitted,  hai* 
been  started  by  Ghamisso,  who  supposed  that  the  circula 
form  of  an  atoll  was  due  to  the  fact  that,  as  the  more  massiv 
kinds  of  coral  thrive  most  vigorously  in  the  play  of  the  su' 
they  naturally  keep  to  the  outride  of  the  reef,  and  raise  tl 
portion  to  the  surface  iirst.     But  when  Darwin's  own  vie 
were   published,   tirst    in    abstract    before    the    Geologi 
Society  in  1837,  and  subsequently  more  fully  in  hie  sepa' 
volume  on  the  structure  and  distribution  of  coral-reef 
1842,  they  were  soon  generally  accepted,  and  were  rega 
not  only  as  affording  a  satisfactory  explanation  of  the  v 
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bank.  Not  only  waa  this  explanation  self-consistent,  but  it 
harmonised  well  with  the  conclusion,  derived  from  totally 
different  evident;e,  that  there  may  have  been  wide-spread 
and  long-continued  subsidence  over  the  ocean-basins.  It 
waa,  moreover,  supported  by  the  independent  testimony  of 
competent  observers,  who,  with  at  least  equal  opportunities 
of  studying  the  subject,  had  espoused  Darwin's  views.  Of 
these  witnesses,  the  most  important  was  undoubtedly  Pi-ofessor 
Dana,  who  accompanied  the  Wilkes'  Exploring  Expedition  of 
1838-42.'  Another  powerful  ally  was  found  in  Mr  Couthouy, 
who  had  studied  coml-gvowtlis  in  the  Pacific  and  in  the  West 
Indian  Seag.*  But  even  without  the  concurrent  testimony  of 
eye-witnesses,  the  theory  proposed  by  Darwin  fitted  so  ad- 
mirably into  the  geological  tlieory  of  the  day  that  it  came  itself 
to  be  used  as  one  of  the  most  cogent  pi-oofs  of  vast  oceanic 
depression,     And  such  is  stiU  the  position  which  it  holds. 

By  a  gradually  widening  circle  of  observations,  however,  a 
series  of  facts  has  been  estahlislied,  which  were  either  not 
known,  or  only  partially  known,  to  Darwin.  It  should  be 
borne  in  mind  that,  compared  with  more  recent  explorers,  ho 
did  not  enjoy  targe  opportunities  of  investigating  coral-reefs. 
So  far  as  can  he  judged  from  his  published  works,  lie  appears 
to  liave  examined  only  one  atoll — the  Keeling  Reef;  and 
one  barrier-reef — that  of  Tahiti.  The  Admiralty  charts,  the 
work  of  previous  voyagers,  and  unpublished  information 
communicated  to  him,  enabled  him  to  extend  lus  generalisa- 
tion over  the  whole  of  the  rest  of  the  coral  regions  which  he 
had  not  personally  explored.  The  deep-sea  expeditions  of 
recent  years  have  now  brought  so  much  new  light  to  bear 
upon  the  whole  question,  that  we  are  in  a  far  better  posi- 
tion to  discuss  it  than  he  was  nearly  half  a  century  ^o.  Of 
a  few  of  the  more  important  investigations,  a  brief  resu.m( 
may  here  be  given,  and  their  hearing  upon  Darwin's  theory 
of  coral-reefs  will  then  be  discussed. 

As  far  back  as  the  year  1851,  the  late  L.  Agassiz  stated 

'  Thfl  narrative,  coutainiiig  Profrsaor  Dana's  observations  on  Coral-Beers, 
appeu-ed  Biuoiig  tlie  Eeports  of  tlie  Eipeiiition.  In  1872  be  published  a 
volume  ou  Coral  and  CorBl-Reefs,  wliere  he  agniu  guve  the  weight  ot  hia 
authority  to  the  theory  of  snbaideiiM, 

'  Boston  Jour.  Nat  Hist.,  iv,.  lUZ-ii,  p.  137. 
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that,  in  liis  opinion,  the  tlieory  of  subsUleuce  could  not  Im 
applied  in  the  explanation  of  the  Florida  reefs ;  that,  oo  Uie 
contrary,  the  soatheni  end  of  Florida  ia  built  up  on  successive 
contentric  Itarrier-reeEs,  whii;h  have  been  }{radually  counected 
and  cemented  into  continuous  dry  laud  by  the  accumulation 
and  consolidation  of  mud-tlats  between  them,  and  tliat  this 
process  is  still  going  on,  and  must  eventually  convert  the 
present  keys  and  reefs  from  Cape  Florida  to  the  Tortugas 
into  similar  land.' 

In   1863,  Professor  Carl  Semper  published  the  results  of 
his  researches  among  the  Pelew  Islands.     He  found  himself 
unable,   by   the   theory  of  sultsJdence,  to   accoimt  for  tLe 
phenomena   there   presented,  and   tlii'ew   doubts   upon   the 
general  applicability  of  tliat  theory.      He  pointed  out  tliat, 
while  the  southern  islands,  probably  once  ut^lb,  consist  oi 
coml  rock  upraised  to  fruui  400  to  Mt)  feet  above  the  sea, 
and  are  ttanked  by  living  coast  reefs,  true  living  atolls  exis' 
at  the  northern  end  of  the  group.      He  contended  that  the 
is  absolutely  no  evidence  of  subsidence;  that  the  asaociat 
of  all  the  difl'erent  kinds  of  reef  within  so  circurascribet' 
area  seems  entirely  to  disprove  the  notion  of  subsidence 
that,  at  least  in  this  gioup  of  islands,  Darwin's  theoiy  c 
be  applied.      In  some  suggestive  observations  on  theii 
bable  origin,  he  remarks  lliat  the  reefs  de{>eud  msinl 
their  form,  upon  the  nature  of  the  bottom  on  whic) 
begin.    Atolls  spring  up  on  submarine  banks.     A  sp 
Poritcs  takes  root  in  little  colonies,  varying  from  thf 
the  fist  to  masses  six  or  eight  feet  in  diameter.     In  ' 
centi-al  portions  of  these  growing  colonies  die,  while 
parts  flourish  and  gradually  build  up  a  ring  ol"  cors 
ring,  wliich  may  be  circular  or  elongated  in  form, 
times  continuous,  but  more  commonly  is  traversed  1 
more  channels.      The  interior  portions  are  scuurei 
deepened  by  the  tidal  cunents ;  or,  if  the  form  of  i 
and  other  conditions  be  suitable,  a  great  many 
masses  of  coral  gi'udually  grew  into  a  more  or  lesF 

'  Ball.  Jlus.  Coiup.  Zool.,  Toi.  i.  See  lUu  J.  I*  C«iil< 
Assoc,,  X.,  ISbe,  iiart  ii.,  p.  103 ;  mil  E.  B.  Hnnt,  fliiliiMM'«  J 
1863,  p.  338.  *"*^^1M^^^^^^^^ 
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through  which  the  atraug  ebb  and  flow  of  the  tide  seive 
to  keep  opeu  some  chanuels.  Thus,  fringing-reefs,  throug!] 
the  Bcour  of  the  sea,  become  bai'rier-reefa,  which  retreat  from 
the  adjacent  coast  in  propoition  to  the  gentleness  of  the  slopu 
on  which  they  are  built.  On  a  steeply- shelving  sea-bottom 
the  reefs  uiust,  obviously,  remain  fringing-reefs. 

Dr  Semper  admitted  that  possibly  many  atolls  and  barrier- 
reefs  were  formed  during  subsidence,  and  even  that  tliu 
downward  movement  may,  in  many  cases,  have  furnished  the 
conditions  for  starting  tbem  into  e.tistence.  The  solution  of 
the  problem  ought  in  each  case,  be  thought,  to  be  determined 
by  actual  detailed  observations.  But  that  the  alternate 
currents  of  the  tides  are  the  maiu  agents  iu  the  building  of 
coral  reefs  could  be  proved,  he  uiaiutained,  by  many  cases, 
which,  ou  the  theory  of  subsidence,  must  be  regarded  as 
exceptional  or  inexplicable,  such  as  the  occurrence  of  true 
atolls  in  the  midst  of  areas  of  elevation.^ 

In  the  second  edition  of  his  "  Coral  Islands,"  published  iu 
1874,  Darwin  briefly  referred  to  Seniper's  observations.  He 
thought  it  not  improbable  that  the  Pelew  Islands  originally 
subsided,  were  afterwards  upraised,  and  again  subsided ;  but 
admitted  that  the  proximity  of  fringing-reefs  was  opposed  to 
his  views.  He  suggested  that,  if  the  submarine  slope  were 
steep,  reefs  which  began  as  fringing-reefs  would  continue  to 
be  of  that  form,  even  during  subsidence.  Tliere  is,  liowever, 
no  admission  that  any  valid  objection  had  been  made  to  his 
theory,  or  that  true  atolls  and  barrier-reefs  might  be  formed 
in  many  places  without  aubsideuce. 

Iq  ISiiS  Professor  Semper  reiterated  his  dissent  from  ttie 
prevailing  theory  of  coral-reefs.*  Next  year  lie  reprinted  his 
onginal  paper  (which  seemed  to  him  to  have  remained  un- 
known to  most  naturalists)  in  a  general  account  of  the 
Philippine  Islands,"  wherein  he  appended  some  additional 

'  Zcitscli.  Wiftsenauli.  Zoologie,  1863,  xiti.,  p.  558.  Rc|>riuted  iu  ]8S0  in 
"  Die  rhilippiiien  und  ilint  Itewohner,"  with  additioijal  notes. 

'  Vorliaudl.  riiyBik-meJ.  (JetcILicb. ,  Wiiuliurg:  Siliungb*r.,  lat  Febnmrj 
186S. 

'  Die  FhiliiipiuoD  und  ihre  BewoliLer,  Wliriltnrg,  1869,  pi>,  100-109.  A 
luief  account  of  the  coral-reefs  of  tlie  P1iili|ipiue  iGlaiiila  will  be  fauud  at  |i[i. 
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notes.  In  one  of  these  he  refers  to  the  observations  of 
Pourtales  and  others  on  a  submarine  calmreous  fieposil. 
which,  in  some  regions,  is  slowly  being  u[jraised  to  serve  as  a 
foundation  for  coral-reefs.  To  the  objection  that  if  atolls 
and  barrier-reefs  could  be  formed  daring  a  period  of  elevation 
they  ought  to  be  found  not  merely  at,  or  only  slightly  above, 
sea-level,  he  replies  that  they  are  not,  in  fact,  confined  to 
that  limited  zone,  but  that,  even  if  they  were,  this  would  not 
invalidate  bis  conclusion  that  the  reefs  are  due  to  a  comple 
co-operation  of  coral  growth  with  the  waves  and  currents  t 
the  sea,  and  not  to  the  one  cause — the  subsideuce  of  entir 
regions — invoked  by  Darwin. 

In  the  following  year  another  contribution  to  the  ai 
subsidence  literature  was  made  by  Dr  J.  J.  Rein,  who,  in 
iuteresting  uemoir  on  the  physical  geography  of  Benu' 
offered  some  observations  on  the  coral-reefs  of  these  islp 
He  suggested  that  the  Bermuda  group  might  originally 
been  a  submarine  mountain  or  bank,  on  which  colonj 
corals,  molluaks,  echinoderms,  and  other  organisms  too) 
flourishing  in  such  abundance  as  gradually  to  raise  the 
the  submerged  ground  to  the  zone  in  which  reef-bi 
corals  could  begin.      He  adduced  no  evidence  in  su; 
this  suggestive  forecast,  further  than  that  there  is  no 
Bermuda  of  subsidence,  which,  however,  as  Darwin 
ct^ently  shown,  from  the  very  fact  of  the  moverae; 
downward,  is,  in  most  cases,  not  to  be  looked  for. 

An  important  memoir,  marking  a  totally  new 
in   coral-reef  literature,   appeared  in    1880,  con' 
abstract  of  observations  made  by  Mr  Murray 
great  voyage  of  the  "  Challenger."  *     The  chief 
this  contribution  may  be   thus  briefly  sununar 
hardly  an   exception,  the   oceanic   islands   are 
origui,  and  it  is  therefore  to  be  presumed  that  t 
ridges  and  peaks,  which  rise  to  within  various  d 
the  surface,  are  likewise  due  to  the  protnisic 
materials.     There  is  thus  no  actual  evidem 

'  Berklit.  Senckenberg,   Natnrfoncb.   Ocm11«c1i.,1BM 

Sota,  pulan,  p.  80.  ^jjam 

>  Ptoe.  Boy.  Soc.,  Ediub.,  1879-SO,  i.,  p.  509.    ^V 
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iinsubmerged  portions  of  any  extensive  continent  or  mass  of 
land  such  as  TJ.irwin's  theory  requires.  Whether  built  up 
above  the  aea-level  into  islands,  or  brought  up  to  vaiying 
heights  below  tliat  level,  the  volcanic  eminences  of  the  ocean 
may  conceivably  be  brought  into  the  condition  of  platfomis 
for  reef-builders  by  two  causes.  In  tlie  Krat  place,  the 
erosive  force  of  waves  and  tidal  scour  must  tend  to  reduce 
all  prominent  oceanic  summits  to  the  lower  limit  of  breaker 
action,  and  thereby  to  produce  truncated  cones  or  flattened 
domes  and  ridges,  on  which  coral-reefs,  if  not  already  estab- 
lished, might  spiing  up.  In  the  second  place,  submarine 
emiuQucca  may  have  been  brought  up  to  within  the  zone  of 
the  reef-builders  by  the  deposit  of  oi^'anic  delritiis  upon 
them.  One  of  the  most  remarkable  results  of  recent  deep- 
sea  explorations  has  been  the  accumulated  evidence  of  the 
extraordinary  profusion  of  pelagic  life  in  the  tropical  surface 
waters.  From  experiments  made  during  the  cruise  of  the 
"  Challenger,"  Mr  Murray  estimates  that,  if  the  oi'ganismB 
are  as  numerous  down  to  a  depth  of  a  hundred  fathoms  as 
they  were  found  to  be  in  the  track  of  the  tow-net,  there 
nmst  be  move  than  sixteen  tons  of  carbonate  of  lime,  in  the 
fonii  of  calcareous  shells,  in  the  uppermost  hundred  fathoms 
of  every  squai'e  mile  of  ocean.  The  shells  and  skeletons  of 
these  oi^nisms  fall  in  a  constaDt  rain  to  the  bottom,  whei-e 
their  organic  matter  supplies  food  to  the  fauna  which  there 
subsists  upon  the  mud.  By  the  accumulation,  partly  of 
these  superficial  exitviee,  partly  of  the  remains  ol'  creatures 
living  at  the  bottom,  an  organic  deposit  is  growing  over  the 
sea-floor  in  the  tropical  regions  wherein  coral-reefs  flourish. 
Owing  probably  to  the  greater  solvent  action  of  the  carbonic 
acid  of  sea-water  at  great  depths,  or  to  the  greater  mass  of 
water  through  which  tliey  must  sink,  the  shells  of  the  upper 
waters  seem  never  to  reach  the  abysmal  bottom,  or,  at  least, 
soon  disappear  from  it,  for  they  are  seldom  met  with  in  deep 
dredgings.  But  in  the  shallowei'  portions  of  the  ocean  they 
abound;  consequently  it  may  be  legitimately  inferred  that 
the  rate  of  growth  of  the  calcareous  organic  deposit  on  the 
sea-bottom  must  be  more  rapid  in  the  shallower  waters. 
The  tops  of  submarine  peaks  and  banks,  being  constantly 
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heightened  from  this  cause,  will,  in  course  of  time,  be 
brought  up  to  a  depth  at  which  spouges,  hydroids,  deep-sea 
coiids,  annelids,  alcyooariaus,  moUuBka,  polyzoa,  echinoderuu, 
and  other  organisms  can  flourish  abundantly.  When  this 
has  taken  place,  tlie  upward  growth  of  the  calcareous  foima- 
tion  will  be  accelerated  by  the  accumulation  of  the  temains 
of  tliis  abundant  fauna  as  it  lives  and  dies  on  the  bottom. 
At  last,  the  zone  of  reef-buildiiig  corals  will  be  reached,  and 
thereafter  a  growtli  of  coral  rock  will  bring  the  sea-floor  up 
to  the  level  of  low-wat«r.  That  coral-reefs,  undistiuguishable 
from  barrier-reefs  and  even  atolls,  might  be  formed  upon 
banks  of  sediment  in  a  deep  sea,  was  admitted  by  Darwin.' 
But  the  assumption  of  so  many  submerged  banka  as  this 
explanation  would  require,  seemed  to  him  so  improbable  that 
he  dismissed  it  from  further  conaideratiou.  He  was  not 
aware,  however,  of  the  enormous  abundance  of  miuute  cal- 
careous organisms  in  the  surface-waters,  and  of  the  comparative 
rapidity  with  which  their  remains  might  be  accumulated  on 
the  sea-bottom. 

Keef-builders,  starting  on  a  submarine  bank,  whether  pre- 
pared for  them  by  erosion,  by  subsidence,  or  by  the  upward 
growth  of  organic  deposits,  would  form  reefs  that  must 
necessarily  tend  to  assume  the  atoll  form.  The  central 
portion  of  the  colony  or  clump  of  coral  will  OTadually 
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As  tho  atoll  increases  in  size,  the  lagoon  becomes  propor- 
tionately larger,  partly  from  its  water  being  less  supplied 
with  pelagic  food,  and  therefore  less  favourable  to  the  growth 
of  the  more  massive  kinds  of  coral,  partly  from  the  injurious 
effects  of  calcareous  sediment  upon  coral  growth  there,  and 
partly  also  from  the  solvent  action  of  the  carbonic  acid  of  the 
sea-water  upon  the  dead  coraL  This  process  of  solution  of 
dead  calcareous  organisms  by  sea- water  is  undoubtedly  one 
of  the  most  interesting  facts  in  the  chemistry  of  the  ocean 
which  has  been  brought  to  light  by  the  naturalists  of  the 
"  Challenger  "  Expedition. 

Moreover,  a  connected  chain  of  atolls  might  be  formed  on 
a  long  submarine  bank,  and  similar  conditions  of  growth 
would  then  be  displayed,  as  in  the  case  of  the  single  atoll. 
The  marginal  atolls,  having  a  better  supply  of  food,  would 
grow  more  vigorously  than  those  towards  the  centre,  and 
would  tend  to  assume  elongated  forms,  according  to  the  shape 
of  the  bank  beneath  them.  Many  of  them  might  coalesce, 
and  might  even  ultimately  give  rise  to  one  large  atolL  Such 
I  a  chain  of  atolls  as  that  of  the  great  Maldive  group  may  be 

.  thus  explained  without  the  necessity  for  any  disseverment 

by  oceanic  currents,  as  Darwin  supposed.  On  the  other 
hand,  the  submerged  coral  banks  of  the  Lakadive,  Caroline, 
and  Chagos  Archipelagos  may  be  regarded  as  representing 
i  various  stages  in  the  growth  of  coral-reefs;  some  of  them 

being  still  too  deep  for  reef-builders,  others  with  coral-reefs 
which  have  not  yet  quite  grown  up  to  the  surface.  But 
\  scattered  among  these  banks  are  some  of  the  most  completely 

formed  atolls.  Mr  Murray  contends  that  it  is  difficult  to 
conceive  how  such  banks  can  have  been  due  to  subsidence, 
when  their  situation  with  respect  to  each  other  and  to  the 
perfect  atolls  is  considered.  He  reverses  the  order  of  growth 
as  given  by  Darwin,  who  cited  the  great  Chagos  bank  as 
probably  an  example  of  an  atoll  which  had  been  carried  down 
by  a  subsidence  more  rapid  than  the  rate  at  which  the  corals 
could  build  upwards. 

From  a  careful  study  of  barrier-reefs,  Mr  Murray  concludes 
that  in  their  case  also,  all  the  phenomena  can  be  explained 
without  having  recourse  to  subsidence.     He  found,  from  per- 
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sonaJ  observation  and  a  comparison  of  tlie  Admiralty  charts, 
that  most  exaggerated  notions  prevail  regarding  the  depPh 
of  water  immediately  outride  the  reef,  which  ia  usually  sap- 
posed  to  be  very  great     After  minutely  exploring  tho  barrier- 
reef  of  Tahiti,  and  aounding  the  water  both  inside  and  outside 
the  reef,  he  found  that  the  slopes  are  just  such  as  might  be 
looked  fop,  on  the  supposition  that  the  corals  have  grown 
up  without  any  sinking  of  the  bottom.      The  accompanying 
section  (Fig.  1),  drawn  on  a  true  scale,  will  show  that  there 
is  nothing  abnormal  in  the  declivities.      Beginning  near  the 
shore,  or  wherever  the  bottom,  whether  of  rock  or  sediment, 
comes  within  the  range  of  the  reef-builders,  a  barrier-reef 
grows  vigorously  along  ita  outer  face,  while  its  inner  parts, 
as   in   the   case  of  an  ntoll,  and   for   the  same  reason,  are 
enfeebled  and  die.    The  force  of  the  breakers  tears  off  huge 
masses,  sometimes  20  or  W  feet  long,  from  the  face  of  the 
reef,  especially  where,  from  the  borings  of  mollusks,  sponges, 
etc.,  the  coral-rock  has  been  Weakened.     These  blocks  tumble 
down  the  seaward  face  of  the  reef,  forminj^  a  remarkably 
steep  talus.     It  is  this  precipitous  part  of  the  reef  which  iiar 
probably  given  rise  to  the  notion  that  the  water  outside  w' 
denly  descends  to  a  profound  deptlu      The   steep  front 
fallen  blocks  is  succeeded  by  a  declivity  covered  with  c 
sand,  beyond  which  the  bottom  slopes  away  at  an  aug 
no  more  than  6°,  and  is  covered  chiefly  with  volcanic  deh 
Mr  Murray  insists  that  any  seaward  extension  of  th' 
must  be  on  the  summit  of  the  talus  or  broken  coral. 
reef  will  gradually  recede  from  the  shore  of  the  i« 
continent,  and  will  leave  behind,  here  and  there,  a 
to  form  an  island  in  the  slowly-broadening  lagoon  i 
The  very  general  occurrence  of  proofs  of  elevatii 
the  regions  of  barrier-reefs  and  atolls  is  in  harmon_' 
volcanic  origin  of  the  ground  on  which  these  coral 
have  grown,  but,  as  Mr  Murray  contends,  is  mos' 
explanation  on  the  theory  of  subsidence.     He 
all  the  chief  features  of  coral-reefs  and  islands 
not  necessarily  demand  the  hypothesis  of  sul 
even  in  areas  where  the  movement  is  an  upwap 
satisfactorily  accounted  for  by  the  vigorous  or 
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of  the  corals  oa  the  externa)  faces  of  the  reef,  in  presence  of 
abondant  food ;  by  tlieii  death,  disint^fiation,  and  removal 
by  the  mechanical  and  chemical  action  of  the  sea  in  the  inner 
parts ;  and  by  Che  influence  of  subaerial  agencies  and  breaker- 
action,  in  lowering  the  level  of  the  upraised  areas  of  ooral^rock. 
The  meet  detailed  investigation  of  coral-reefs  which  has  yet 
appeared,  has  recently  been  published  by  Professor  A.  Agassiz.* 
This  able  naturalist  is  engaged  in  prosecuting  a  series  of 
researches  into  the  biological  phenomena  of  the  seas  on  the 
eastern  side  of  the  United  States,  under  the  auspices  of  the 
United  States  Coast  Snrvey,  and  in  tlie  course  of  these 
explorations,  has  had  occasion  to  devote  himself  to  the 
detailed  study  of  the  coral-reefs  of  the  Florida  seas.  For 
purposes  of  comparison,  he  has  likewise  visited  the  reefs 
among  the  West  Indian  Islands,  as  well  as  those  on  the  coast 
of  Central  America.  His  observations  are  thus  the  most 
exhaustive  and  methodical  which  have  yet  been  published, 
and  the  deliberate  conclusioDS  to  which  he  has  come  deserve 
the  most  attentive  consideration.  He  traces  the  history  of  a 
coral-reef  from  its  latest  stages  as  dry  knd  to  its  earliest 
l>egiuniii<;3,  and  even  beyond  these,  to  the  gradual  evolution 
of  the  conditions  requisite  for  the  first  starting  of  the  reef. 
His  familiarity  with  the  nature  of  the  bottom  all  over  the 
area  iii  questioii.  and  witli  the  life  so  abundant  in  the  tropical 
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the  elevation,  a  portion  of  the  sea-bottom  was  brought  well 
up  into  the  waters  of  the  Gulf  Stream,  which  were  probably 
shifted  a  little  eastward. 

No  marine  fauna  yet  explored  equals  in  variety  of  forms 
or  number  of  individuals  that  which  peoples  the  waters  of 
the  Caribbean  Sea  and  the  Gulf  of  Mexico,  from  a  depth  of 
250  to  about  1000  fathoms.  This  prolific  life  is  traced  by 
Professor  Agassiz  to  the  copious  food-supply  carried  by  the 
wann  tropical  currents,  combined  with  the  food  borne  outwards 
from  the  seaboard  of  the  continent.  The  corresponding 
abundant  fauna  found  by  the  "  Challenger  "  in  the  Japanese 
current  may  be  regarded  as  its  counterpart  in  the  Pacific 
Ocean.  Professor  Agassiz  points  also  to  the  diminished  rich- 
ness of  the  fauna  on  the  western  sides  of  the  continents  as 
being  probably  connected  with  the  absence  of  those  warm 
equatorial  currents  which  bring  such  an  abundant  supply  of 
food  to  the  eastern  shores.  "No  one,"  he  remarks,  "who 
has  not  dredged  near  the  hundred-fathom  line  on  the  west 
coast  of  the  great  Florida  plateau  can  form  any  idea  of  the 
amount  of  animal  life  which  can  be  sustained  upon  a  small 
area,  under  suitable  conditions  of  existence.  It  was  no  un- 
common thing  for  us  to  bring  up  in  the  trawl  or  dredge  large 
fragments  of  the  modern  limestone,  now  in  process  of  forma- 
tion, consisting  of  the  dead  carcases  of  the  very  species  now 
living  on  the  top  of  this  recent  limestone."  Mollusks,  echino- 
derms,  corals,  alcyonoids,  annelides,  Crustacea,  and  the  like, 
flourish  in  incredible  abundance  on  the  great  submarine  banks 
and  plateau,  and  cover  them  with  a  growing  sheet  of  lime- 
stone, which  spreads  over  many  thousands  of  square  miles, 
and  may  be  hundreds  of  feet  in  thickness.  In  these  com- 
paratively shaUow  waters,  and  with  such  a  prodigiously 
prolific  fauna,  which  supplies  constant  additions  to  the  cal- 
careous deposit,  the  solvent  action  of  the  carbonic  acid  upon 
the  dead  calcareous  organisms  is  no  doubt  reduced  to  a 
minimum,  so  that  the  growth  of  the  limestone  is  probably 
more  rapid  than  on  almost  any  other  portion  of  the  sea- 
bottom. 

From  the  charts  we   learn  how  extensively  submarine 

banks  are  developed  in  the  West  Indian  region,  in  the  track 
VOL.  vm.  B 
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of  the  warm  ciureiits.  East  of  the  Kfosquito  coast  in  OeotTa] 
America,  oDe  of  these  banks  may  be  said  to  stretch  com- 
pletelf  across  to  Jamaica.  Similar  banks  rise  off  the  Yuoaton 
coast;  likewise  on  the  windward  side  of  the  islands,  where 
the  ocean 'Currents  first  reach  tbem. 

That  these  banks  lie  npon  volcanic  rid<^s  and  peaks 
hardly  be  doubted;  though  we  have  no  means  of  telling  what 
depth  of  recent  limestone  may  have  accumulated  upon  tbeiiL 
Among  the  islands  recent  volcanic  masses  rise  high  above 
sea-level,  in  Martinique  reaching  a  height  of  more  than  4000 
feet.  And,  as  usual  in  volcanic  r^ons,  there  are  numeroos 
proofs  of  recent  upheaval,  such  aa  the  Basse  Terre  of  Guada- 
loupe,  the  successive  terraces  of  recent  limestone  in  Barbadoeo, 
and  the  upraised  coral-reefs  of  Cuba,  which  lie  at  a  height  of 
1100  feet  above  sea-leveL 

The  West  Indian  seas  have  long  been  famous  for  their 
coral-reefs.     Professor  Agassiz  insists  that  the  distributioa 
of  these  reefs  is  detennined  by  the  direction  of  the  food- 
bearing  ocean  currents.     They  Hourish  on  the  windward  aide 
of  the  islands  and  along  the  whole  eastern  coast  of  Hondurs 
Venezuela,  and  Yucatan ;  but  on  the  leeward  shores  they 
not  exist  at  all     Cuba  is  h'inged  both  on  the  north  and  s 
side  with  reefs ;  but  the  southern  reefs,  directly  bath* 
the  Gulf  Stream  and  exposed  to  the  prevailing  wind 
more  flourishing  than  the  northern  reefs,  which  are,  tc 
extent,  cut  off  &om  the  equatorial  current  by  ban' 
islands. 

The  depth  at  which  corals  will  flourish  in  these 
been  found  to  be  rather  less  than  that  which  has  bf 
tained  to  be  in  general  their  downward   limit. 
Agassiz  concludes  that  they  do  not  thrive  below 
six  or  seven  fathoms  in  the  Horida  seas,  thoi 
outer  reef,  directly  exposed  to  the  open  currei 
valent  winds,  they  descend  in  scattered  heads 
fathoms. 

Each  successive  stage  in  the  growth  of  an  ato' 
laid  open  for  study  in  the  prolongation  of  the 
The  map  of  that  region  (Fig.  2)  shows  a  rem 
chain  of  islets  and  strips  of  land,  running  f 
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coast,  first  in  a  southerly  direction,  bat  gradaally  carving 
rouad  ontil  it  takes  a  due  veaterly  tread.  This  westward 
curve  is  attributed  mainly  to  the  influence  of  the  strong 
counter-current,  which,  with  a  width  of  10  to  20  miles, 
sweeps  westward  into  the  Gulf  of  Mexico  along  the  left  aide 
of  the  Gulf  Stream,  and  heaps  up  organic  (Uiris  in  its  track. 
Florida  is  growing  westward  in  the  line  of  this  current.  Beef 
after  reef  is  added  to  the  laud  at  the  east  end ;  while,  towards 
the  west,  new  reels  successively  begin  on  the  bank  as  its 
surface  is  gradually  built  up  by  the  accumulation  of  organic 
dibria. 

The  last  and  youngest  of  the  reefs  marked  on  the  maps 
and  charts  is  the  group  known  as  the  Tortugas.  But  imme- 
diately to  the  west  of  this  group  Professor  Agassiz  has  found 
a  prominence  on  the  submarine  bank,  on  which  corals  have 
begun  to  grow.  Large  heads  of  astrseans  and  madrepores 
have  fixed  themselves  at  a  depth  of  from  six  to  seven  fathoms, 
and  Oorgonia  are  found  a  little  lower.  This  is  the  begtnaiog 
of  an  atoll.  The  Tortugas,  which  present  a  further  stage  of 
development,  consist  of  an  elliptical,  atoll-shaped  retjf,  in 
three  chief  parts,  whereof  the  largest  forms  a  crescent,  front- 
ing to  the  east,  round  the  edge  of  the  submarine  bank,  while 
the  two  other  portions  have  grown  south-westwards  along 
the  hank.  Three  channels  between  these  portions  allow 
powerful  tidal  currents  to  rush  across  the  central,  chiefly 
!  of  the  atoll.  Seven  islands  have  Iweii 
|rt3  of  the  reef  1,'y  the  accunmlatioii 
1  reef  by 
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or  when  strong  winds  have  blown  the  water  off  the  flats. 
Large  heads  of  astra?ans  and  Mccandrina  occur  here  and 
tliere  towards  the  edge  of  the  reef,  which  is  occupied  mainly 
by  clusters  of  Qor^fonvx.  The  destruction  of  tlie  reefa  by  the 
waves  is  very  great,  the  sea  being  occasionally  discoloured 
with  the  chalky  sediment  to  a  distance  of  from  6  to  10 
miles  after  a  storm.  Broken  coral-heads  and  branches,  dead 
corallinea,  shells  of  mollusks,  old  serpuhe  tubes,  stalks  of 
Garf/onice,  and  other  organisms,  are  thrown  up  into  lines  that 
consolidate  into  a  low  dyke,  which  in  turn  is  pounded  up 
and  removed  by  the  breakers.  A  prodigious  quantity  of 
calcai'eoiis  sediment  is  thus  produced,  much  of  which  la 
swept  into  the  interior  of  the  reef,  where  it  accumulates  in 
flats  of  sand  and  silt.  It  is  only  at  the  outer  edge  of  the 
reef,  where  the  scour  of  the  sea  is  greatest,  that  the  corals 
can  flourish :  elsewhere  they  are  choked  and  buried  under 
the  deposit  of  calcareous  sediment.  Some  of  this  sediment 
accumulates  in  steep  submarine  banks,  like  sand-dunes, 
which  shift  to  and  fro  as  winds  and  currents  vary ;  though, 
by  the  action  of  the  carbonic  acid  of  the  sea- water,  they  are 
apt  to  be  cemented  into  solid  slopes,  some  of  which  have  an 
angle  of  as  much  as  33".  So  great  is  the  destructive  and 
transporting  influence  of  the  sea,  under  the  combined  or 
antagonistic  working  of  tides,  currents,  and  wind-waves,  that 
the  whole  mass  of  the  reef,  aa  well  as  the  flats  and  shoals 
inside,  may  be  said  to  be  in  more  or  less  active  movement 
Hence  none  of  the  landmarks  furnished  by  the  islands  are  to 
be  relied  upon  for  the  location  of  buoys. 

A  still  more  perfect  example  of  an  atoll  formed  under 
similar  conditions  is  that  of  Alacran,  on  the  opposite  coast  of 
Yucatan.  Its  eastern  face  is  a  great  arc  of  about  twenty 
nules,  where,  exposed  to  the  open  sea  and  the  easterly  winds, 
the  corals  flourish  vigorously.  On  the  eastern,  or  interior, 
face  of  the  western  chord  of  the  reef,  however,  the  silt  derived 
from  the  pounding  of  the  breakers  to  the  eastward  has 
already  killed  the  corals.  The  lagoon  is  occupied  by  detached 
coral-heads,  with  lanes  of  clear  water  between  them.^ 

To  the  east  of  the  Tortugas,  near  the  mainland  of  Florida, 

>  Bulletin  Mus.  Comp.  ZooL,  t..  Ifo.  1. 
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older  stages  of  development  among  coial-reefs  may  be  traced. 
B7  the  westward  drift  of  the  calcaieoos  sand  and  silt,  the 
lagoons  have  been  converted  into  flats,  and  these  in  succession 
have  been  tnmed  into  more  or  less  continuous  dry  land.  There 
ia  no  evidence  of  subsidence.  The  area  seems  to  have  remained 
stationary  for  a  long  period,  or,  if  there  has  been  movement 
at  all,  it  has  been  in  an  upward  direction.  Should  the  present 
condition  of  things  be  prolonged,  there  will  be  a  further 
extension  of  the  Florida  coast-line.  By  the  heapii^-up  of  the 
shells  of  dead  Danisms  in  the  track  of'  the  counter-current, 
the  submarine  bank  will  coatinae  to  be  brought  up  within 
the  depth  at  which  reef-building  corals  can  grow.  Successive 
clumps  of  reef-builders,  springing  up  and  growing  outward, 
will  build  atoll-shaped  reefs.  The  abrading  action  of  the 
waves  upon  these  reefs  will  furnish  dUritus  to  be  drifted  into 
the  lagoons  and  channels,  which  wiU  eventually  be  silted  up 
into  dry  land. 

An  interesting  indication  of  the  progress  of  these  changes 
is  furnished  by  the  terrestial  faona  and  flora  of  the  Florida 
reefs.  The  plants  of  the  mainland  are  found  likewise  on  the 
reefs,  but  become  fewer  in  number  as  they  are  followed 
southward,  until,  on  the  Tortugas — the  last  addition  to  dry 
land — the  flora  consists  of  a  few  bay-cedars,  a  hop-vine  with 
a  thick  white  flower,  Bermuda-grass,  and  a  solitary  mangrove 
tre&  One  of  the  species  of  land-shell  common  at  Key- West 
haa  found  its  way  to  the  Tortuga,'*.     Xo  terrc-tial  rujliloa 
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and  atolls  may  be  fonned  without  subsiduiice  of  the  sea-Boor. 
Wliether  tMs  haa  been  the  usual,  or  ouly  an  exceptional, 
manner  of  their  origin,  is  a  question  that  will  depend  for  its 
solution  upon  whether  or  not  it  can  be  shown  that  there 
are  general  phenomena  wliicli  can  only  be  explained  by 
subsidence.  Three  such  phenomena  may  be  adduced. 
I  am  not  aware  of  any  others  that  deaei've  serious  con- 
sideration. 

1,  One  of  the  early  difflcultiea  which  Darwin's  explanation 
ajipeared  satisfactorily  to  solve,  was  the  necessity  for  the 
existence  of  so  many  peaks  coming  up  from  the  depths  of 
ocean  just  to  the  zone  in  which  reef-building  corals  live.  No 
cause  was  conceivable  which  could  have  so  generally  arrested 
the  upward  growth  or  upheaval  of  these  submarine  heights 
at  the  limit  where  coral-reefs  might  begin.  And  this 
difficulty  has  always  been  looked  upon  aa  furnishing  one 
of  the  strongest  arguments  in  favour  of  the  theory  of  sub- 
sidence, for  that  theory  removea  it,  by  showing  how,  in  a 
general  submergence,  peak  after  peak  would  sink  and  come 
within  the  sphere  of  the  operation  of  the  reef-builders. 

The  difficulty  ia  met  in  a  totally  different  way  by  tliose 
who  believe  it  to  be  more  formidable  in  appearance  than  in 
reality.  They  contend  that,  while  it  must  not  be  foi^otten 
that  many  peaks  do  rise  above  the  sea-level,  and  many 
submarine  banks  still  fall  far  short  of  reaching  up  to  the 
coral-zone,  two  powerful  causes  conspire  to  bring  submarine 
banks  to  a  conanion  uniformity  of  level  at  a  short  distance 
below  the  surface  of  the  ocean.  On  the  one  hand,  those  por- 
tions of  volcanic  mountains  that  rise  above  the  sea-level  are 
worn  down  by  the  atmospliere  and  the  waves,  and,  unless 
otherwise  preserved,  must  eventually  be  reduced  to  the  lower 
limit  of  effective  wave-action,  which  is  probably  nearly  co- 
incident with  the  lower  limit  of  reef-builders.  On  the  other 
bond,  submarine  banks  in  tropical  seas  are  built  up  towards 
the  surface  by  the  accumulation  of  the  aggregated  remains  of 
plants  and  animals  which  live  on  the  bottom,  or  fall  down  to 
it  from  upper  waters,  and  the  magnitude  of  this  upward 
growth  is  hardly  yet  adequately  realised. 

In  balancing  these  opposite  views  we  must,  1  think,  admit 
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that  subeideDce  is  adequate  to  provide  platforms  for  coial- 
reefis,  but  that  these  platforms  could  likewise  be  furnished  by 
the  two  other  processes  jnst  referred  to.  Subsideuce  has 
been  invoked  because  uo  other  solution  of  the  problem  seemed 
admissible.  But  as  another  solution  has  been  found,  the 
argument  in  favour  of  subsidence  has  no  longer  the  same 
force.  The  new  solution,  being  based  upon  facts  which  are 
everywhere  observable  in  the  coral  r^ona,  appears  to  me  to 
be  more  probable  than  the  older  one,  which  is  only  an  infer- 
ence resting  on  no  positive  proofs. 

2.  The  precipitous  descent  of  the  outer  face  of  the  reefs  to 
depths  far  below  those  at  which  corals  can  live,  is  another 
difficulty  which  finds  a  ready  explanation  on  the  theory  of 
subsidenca  If  it  were  true,  as  is  popularly  assumed,  that  a 
coral-reef  presents  towards  the  ocean  a  vast  perpendicular 
wall  of  limestone,  entirely  composed  of  solid  coral,  there  could 
be  no  escape  from  the  conclusion  that  subsidence  must  have 
occurred  to  permit  of  such  an  aggregation  of  coral-rock.  We 
learn,  however,  that  much  misconception  exists  on  tiiis  sub- 
ject Some  of  the  earlier  accotmts  of  the  coral  islands 
speak  of  "unfathomable"  depths  at  a  short  distance  sea- 
wards from  the  reefs ;  but  more  recent  soundings  afford  no 
confirmation  of  these  statements.  Instead  of  being  the 
summits  of  vast  submarine  pillars  of  limestone,  atoUa,  as 
well  as  barrier-reefa,  appear  to  be  really  planted  on  the 
tops  of  submarine  peaks  and  ridgea    The  outer  face  of  the 
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of  the  encircling  reef  is  made  to  be  about  2000  feet.'  Pro- 
fessor Dana  by  one  estimate  puts  it  at  1150,  and  by  another 
at  1750,  feet.  He  assumes  that  in  general  the  thickness  of 
solid  coral  must  be  considerable,  though  he  admits  that  cal- 
culations based  on  the  seaward  continuation  of  the  slope  of 
the  land  are  liable  to  error  from  many  causes.'  Even  if  we 
admit  (what  cannot  be  proved)  that  the  calcareous  mass  of 
any  coral-reef  does  attain  a  tliickness  of  many  hundred  feet, 
it  would  not  necessarily  consist  wholly  of  solid  coral.^  Pro- 
fessor Agassiz  has  followed  the  growth  of  a  reef  on  a  platform 
of  calcareous  organic  deiriliis,  and  he  has  found  elevated 
coral-reefs  which  rest  on  such  a  platform.  Mr  Murray's 
observations  explain  how  a  reef  may  grow  outward  on  a 
talus  of  its  own  dibris.  There  appears  to  be  no  reason, 
indeed,  why  a  calcareous  mass  of  almost  indefinite  thickness 
might  not  be  formed  without  the  aid  of  subsidence.  Its 
upper  zone  might  be  directly  due  to  coi-al  growth,  while  the 
larger  part  of  the  mass  would  be  composed  of  an  aggregate 
of  coral  debris,  mixed  with  the  remains  of  moUusks,  echino- 
derms,  and  other  calcareous  organisms.  So  rapid  is  the 
destruction  of  organic  structure,  through  the  solution  and 
redeposit  of  carbonate  of  lime  by  infiltrating  water,  that  a 
special  and  careful  search  might  be  required  to  determine 
the  actual  limits  of  the  true  reef  and  of  its  calcareous  plat- 
form, and  even  such  a  search  might  not  he  successful.* 

After  a  full  consideration  of  this  second  difficulty,  1  feel 
compelled  to  admit  that  no  valid  argument  in  favour  of  suh- 

'  Cotal-Roefs,  2d  edit.,  p,  85. 

■  Camls  and  Coral  IsUsds,  2d  Eaglitih  edit.,  \&1h,  p.  126. 

•  Profo3S«r  Dana  citos  eiimplea  of  mised  conJ-r«f3  250  to  300  feet  above 
Hsa-lerel ;  but  we  do  out  yet  know  bow  much  of  tlie  rouk  in  aolid  conl,  nlld 
how  much  niny  be  iiinoed  uf  uggregated  orgitiiu  dtbru. 

[*  Since  thia  Address  was  rend,  and  the  chief  [loition  of  it  ujipeanjd  in 
Noinre  (Not.  29  and  Dec.  6,  1883},  an  intereating  letter  by  Dr  Guppy  an- 
nooneea  that  be  has  fonnd  elevated  coral-reefs  at  heights  of  100  to  1100  or 
1200  feet  among  the  Solomon  lelnnLU ;  that  the  coral-rock  itaelf  forms  a  coni- 
[laratively  thin  cruat,  and  is  underlaid  by  a  maae  of  impure  euithj  linieetone, 
aboocding  in  foraminitera  and  other  pelagic  oiganisois,  iinch  as  pteropoda 
{,Nalurt,  Sd  Jan.  1S84).  This  is  precisely  the  stracture  tbst  the  observntions 
of  Mi  Murray  and  Professor  Agassiz  would  lead  us  to  eipaot.  — JV'oW  added 
IWiJaiMary  1881.} 
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sidence  can  be  based  oa  the  steepnees  of  the  seaward  face  of  a 
reef  and  the  thickness  of  the  calcareous  mass  of  the  reef  itaelf. 

3.  The  depth  of  some  lagoons  and  lagoon-channels  fur- 
nishes probably  the  strongest  argament  in  favoor  of  Darwin's 
views.  Occasionally  a  depth  of  forty  fathoms  is  reached,  and 
as  this  is  beyond  the  depth  at  which  reef-builders  ordinarily 
live,  it  has  been  r^arded  as  a  proof  that  subsidence  has 
taken  plac& 

This  third  difficulty  is  thus  met  by  the  opponents  of  sub* 
aidence.  We  must  remember,  they  say,  that  from  the  very 
conditions  of  their  growth,  patches  of  coral  tend  to  assume 
an  annular  or  atoll-like  form,  because  the  outer  parts  grow 
vigorously,  while  the  central  portions  eventaally  die.  Where 
the  coral  patches  coalesce,  and  extend  along  a  bank  <» 
shore,  it  is  their  outer  or  seaward  Caces  that  flourish.  The 
inner  ports,  as  they  are  more  and  more  cut  off  firom  the  food 
supply,  gradually  die.  While  the  outer  £ace  of  the  reef  grows 
seawards,  the  inner  margin  is  attacked,  partly  by  the  solvent 
action  of  the  carbonic  acid  of  sea-water,  partly  by  wind- 
waves,  and  the  tidal-scoux  sweeps  away  much  flne  detritui 
through  gaps  in  the  reef.  In  this  way,  the  lagoon>channel 
is  widened  and  deepened.  In  a  perfect  atoll — that  is,  an 
unbroken  annular  reef  of  coral — the  lagoon  could  not  be 
deepened  by  any  mere  abrasion  of  the  dead  coral  and  removal 
of  the  deiriivs  in  suspension,  but  solution  by  carbonic  acid 
woiUd  still  come  into  play.     It  is  further  to  be  borne  in 
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probable  that  these  comparatively  few  deep  lagoons  may 
owe  their  depth  partly  to  subsidence.  But  if  tbis  be  the 
case,  it  would  lend,  I  am  afraid,  but  slender  support  to  a 
theory  of  wide  oceanic  depreaaion.  That  there  iiiuat  be  some 
areas  of  subsidence  over  the  coral  regions  ia  almost  certain, 
and  the  few  scattered  deep  lagoons  may  possibly  indicate 
some  of  these  areas. 

Having  thus  fully  examined  the  arguments  on  both  sides 
of  this  interesting  and  important  question,  I  feel  myBelf 
reluctantly  compelled  to  admit  that  Darwin's  theory  can  no 
longer  be  accepted  as  a  complete  solution  of  the  problem  of 
coral-reefs.  No  one  could  be  more  impressed  than  myself 
with  the  aimplicity  of  this  theory,  the  brilliancy  of  its  gene- 
ralisation, its  remarkable  fitness  in  geological  theory,  and  the 
grandeur  of  the  conceptions  of  geographical  revolution  to 
which  it  leads,  I  am  fully  alive  to  the  serious  changes 
which  its  abandonment  will  make  in  some  departments  of 
geological  speculation.  But  in  the  face  of  the  evidence  which 
has  now  been  accumulated,  I  cau  no  longer  regard  tlie  ac- 
cepted theory  as  generally  applicable.  That  it  may  possibly 
be  true  in  some  instances  may  readily  be  granted.  There 
may  be  areas  of  subsidence,  as  there  certainly  are  areas  of 
elevation,  over  the  vast  regions  where  coral-reefs  occur.  It 
may  be  conceded  that  subsidence  may  sometimes  have  pro- 
vided the  platform  whereon  coral-reefs  have  sprung  up,  and 
may  have  contributed  to  heighten  some  reefs  and  to  deepen 
some  lagoons  and  lagoon-channels.  But  I  do  not  believe 
that  we  are  now  justified  in  assuming  subsidence  to  have 
taken  place,  from  the  mere  existence  of  atolls  and  barrier-reefs. 
Its  occuiTence  at  any  locality  must  be  proved  by  evidence  of 
special  local  movement.  It  may  have  gone  on  at  many 
localities  where  atoUs  and  barrier-reefs  are  found;  but  the 
existence  of  such  reefs  is  no  more  necessarily  dependent  upon 
subsidence  than  upon  elevation.  These  subterranean  move- 
ments must  be  looked  upon  as  mere  accidents  in  a  general 
process  of  coral-growth,  which  is  wholly  independent  of  them. 

I  may,  in  conclusion,  refer  to  one  or  two  difficulties  which 
have  long  been  felt  to  be  serious  drawbacks  to  the  theory  of 
subsidence,  but  which  'disappear  when  the  newer  views  of 
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the  origin  of  coral-reefs  are  accepted.  If,  aa  Darwin  sop- 
posed,  the  coial-ifllands  of  the  Pacific  and  Indian  Oceans 
represent  the  last  peaks  of  submerged  coDtinente,  it  is  in- 
credible that  continental  rocks  shoold  not  be  found  among 
them.  The  oceanic  islands  (except,  of  course,  those  composed 
of  coral-rock)  are  of  volcanic  origin,  and  show  none  of  the 
granites,  schists,  and  other  rocks  which  might  have  been 
looked  for  on  sack  elevated  summits.  They  have  been  piled 
up  by  the  accumulation  of  lavas  and  tuffs  dischai^ed  from 
the  earth's  interior,  and,  where  they  occur,  point  to  upheaval 
rather  than  to  subsidence.  Again,  as  Mr  Murray  has  shown, 
the  inorganic  deposits  of  the  ocean-fioor  are  composed  of 
volcanic  dffrrit,  with  a  singular  absence  of  the  minerals  that 
constitute  the  usual  crystalline  rocks  of  our  continents.' 

No  satisfactory  proo&  of  a  general  sabsidence  have  been 
obtained  from  the  r^on  of  coral-reefs  except  from  the 
structure  of  the  reefs  themselves,  and  this  is  an  inference 
only,  which  is  now  disputed.  From  the  nature  of  the  case, 
indeed,  traces  of  subsidence  can  hardly  be  expected.  A  few 
examples  have  been  cited,  such  as  the  occurrence  of  trunks 
of  cedar  trees  in  a  layer  of  red  soil  in  Bermuda,  lying  between 
the  calcareous  deposits  at  a  depth  of  42  feet  below  low-water 
mark.  This  indicates  a  recent  subsidence  of  that  tract,  but 
it  may  be  merely  local,  and  may  be  due  to  the  sinking  down 
of  the  roof  of  one  of  the  caverns  with  which  the  limestone  is 
so  abundantly  honeycombed.   Occasionally,  along  the  margins 
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reefs  and  atolls  are  in  vigorous  growth.  Such  an  aaaocia- 
tioa  of  upheaval  with  an  assumed  general  subsidence  requires, 
on  the  subsidence  theory,  a  cumbrous  and  entirely  hypo- 
tlietical  series  of  upward  and  downward  movements.  These 
are  unnecessai'y,  if  we  can  be  convinced  that  coral-reefs  grow 
up  independent  of  terrestrial  movements,  which  may,  in  one 
area,  be  in  an  upward,  in  another,  in  a  downward,  direction. 
From  this  point  of  view,  the  reefa  stand  up  as  the  reault  of  a 
complex  series  of  agencies,  among  which  the  more  important 
are,  on  the  one  hand,  the  temperature,  solvent  power,  currents, 
tides,  and  waves  of  the  sea ;  and,  on  the  other  hand,  the 
amount  and  direction  of  the  supply  of  pelagic  food,  the  up- 
building of  calcareous  deposits  to  the  zone  of  reef-builders, 
the  vigorous  growth  of  the  coral  masses  on  theii-  outer  faces, 
and  their  death,  decay,  and  the  solution  of  their  skeletons  in 
the  inner  parts  of  the  reefs.  All  these  causes  are  known  and 
visibly  active.  Without  the  co-operation  of  «ny  other  sup- 
posed or  latent  force,  they  appear  to  be  entirely  adequate  to 
the  task  of  building  up  the  present  coral-reefs  of  the  oceans. 
I  fear  I  have  considerably  overstepped  the  lindts  of  time 
within  wliich  this  address  should  have  been  confined.  Let 
me  only,  in  conclusion,  advert  to  the  interesting  bearing  of 
our  newer  information  about  coral-reefs  and  modern  marine 
limestones  upon  the  elucidation  of  the  origin  of  ancient  lime- 
stones. Every  geologist  who  has  worked  among  the  calcare- 
ous intercalations  of  the  older  palieozoic  rocks,  is  familiar 
with  their  frequent  strangely  lenticular  character.  A  lime- 
stone, several  hundred  feet  thick,  suddenly  dwindles  down 
and  disappears  in  a  moat  inexplicable  way.  The  suggestion 
of  cross-faults  cannot  be  entertained.  If,  however,  we  regard 
such  limestones  as  akin  in  their  mode  of  growth  to  modern 
coral-reefs,  whether  formed  by  actual  corals  or  by  other  reef- 
builders,  we  obtain  a  possible  solution  of  the  difficulty.  A 
very  successful  attempt  in  this  direction  has  recently  been 
made  by  my  friend  M.  Dupont,  Director  of  the  Geological 
Survey  of  Belgium,  in  reference  to  the  remarkable  lenticular 
masses  of  limestone  in  the  Devonian  system  of  Belgium.' 

'  Bulletin  Acad.  Kuyiilr;  Ik-lgiqup.  3J  H*r.,  tome  ii.,  1881,  p.  S64 :  BallMin 
Mu*.  Boyal  Dclgique.  1883. 
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These  calcareoas  boasea,  formed  of  masses  of  ^romaiopora 
and  other  aggi^ted  oigaiiiBms,  lie  among  argillaceous  and 
arenaceons  strata,  which  appear  to  have  formed  great  sub- 
marine banks.  Their  structnTe  is  qait«  explicable  on  the 
supposition  that  thej  be^an  in  one  or  more  scattered  clumps 
upon  these  banks,  and  gradually  grew  up  there  into  atoll-like 
reefs,  as  coral>reefs  are  now  doing  upon  the  beuks  off  the 
Florida  coast 

And  now  it  only  remains  for  me  to  thank  yon  cordially  for 
the  honourable  position  in  which  your  good  will  placed  me 
two  years  ago,  and  for  the  uniform  kindness  and  forbearance 
with  which  my  shortcomings  in  the  discharge  of  the  duties 
of  President  have  been  condoned.  I  wish  for  this  already 
venerable  Society  many  long  years  of  active  usefulness,  and  I 
trust  that  it  may  continue  to  be  in  the  future,  as  it  has  been 
in  the  past — a  centre  into  which  the  younger  blood  of  genera* 
tion  after  generation  will  flow,  and  from  which  the  warmth  of 
sympathy  and  help  will  cheer  and  stimulate  the  early  career 
of  many  a  distinguished  naturalist  in  days  to  come. 

[Note  added  January  1884  —  An  interesting  series  of 
soundings  made  last  autumn,  in  what  was  previously  be- 
lieved to  be  deep  water  between  the  Mediterranean  Sea  and 
the  Canary  Islands,  has  revealed  the  existence  of  submarine 
mountains,  rising  in  some  parts  to  within  less  than  fifliy 
fathoms  from  the  surface,  and  covered  with  growing  and  dead 
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die  Darwin 'sche  Senkungstheorie,"  In  this  interesting  paper 
the  author  emphaaiaea  his  dissent  from  the  theory  of  subsi- 
dence, and  refers  to  the  confirmation  of  his  original  suggestion 
by  the  deep-sea  explorations  of  recent  years.  In  the  ap- 
pendix he  sums  up  hi»  conclusions,  asserting  that  the  as- 
sumption of  extensive  submergence  in  the  coral  seas  rests 
on  supposition,  and  not  on  exact  observations,  the  supposed 
vast  thickness  of  modern  coral-reefs  being  illuaory  and  un- 
supported by  any  measurements ;  that  the  association  of  all 
the  kinds  of  coral-reef  within  the  same  limited  area  is 
inexplicable  on  Danvin's  theory;  that  in  no  geological  for- 
mation, from  palteozoic  up  to  recent  time,  are  there  any 
coral-reefs  approaching  the  thickness  asserted  to  characterise 
living  reefs,  their  average  depth  being  much  less  than  300 
metres;  that  coral-reefs  may  be  simply  and  naturally  ex- 
plained as  the  crowning  of  submarine  banks  which  have 
been  sufficiently  heightened  by  the  accumulation  of  the 
remains  of  plants  and  animals;  and  that  the  form  of  the 
reefs,  especially  of  the  atolls,  depends  primarily  on  the  shape 
of  the  bottom  and  the  food-supply,  and  is  thus  more  simply 
and  naturally  accounted  for  than  by  subsidence.] 


I.  On  the  Strudwre  of  Sarcodictyon.  By  W.  A.  Herdman, 
Esq.,  D.Sc,  F.LS.,  Professor  of  Natural  History  in 
University  College,  Liverpool.     [Plates  I.-III.] 

(Read  19th  December  1883.) 

I.  Introductory. 

While  dredging  in  Lamlash  Bay,  Arran,  during  the  sum- 
mer of  1880, 1  was  fortunate  enough  to  obtain  several  good 
living  specimens  of  Sarcodictyon  calenaia  (Forbes).  They 
were  all  small  colonies  of  the  usual  red  colour,  and  attached 
to  pieces  of  stone  and  dead  shells.  As  I  was  occupied  with 
another  group  of  animals  at  the  time  I  contented  myself  with 
identiiying  the  species,  and  then  preserved  them  in  alcohol 
for  future  use. 

Last  September  (1883),  while  dredging  in  the  neighbour- 
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hood  of  Tarbert,  Loch  f^ne,  I  again  met  with  Sartadidyon 
growing  over  stonea  and  abella,  but  this  time  two  forms 
occnrred,  one  red  and  the  other  pale  yellow.  This  circum- 
stance induced  me  to  examine  the  minute  structure  of 
the  two  varieties  with  the  view  of  determining  whether  or 
not  there  is  any  essential  difference  between  them,  and  on 
returning  to  liverpool  I  examined  the  specimens  dredged  at 
Lamlash  in  1880. 

All  the  colonies  in  my  possession  appear  to  belong  to  one 
species,  Sarcodictyon  cateTiaia  (Forb.).  Although  this  form 
has  been  briefly  described  or  referred  to  by  several  authors,' 
its  anatomy  and  histology  have  never,  I  believe,  been 
thoroughly  investigated. 

II.   HiSTOEICAL. 

The  species  was  first  discovered  and  named  by  Professor 
Edward  Forbes,  but  I  have  not  been  able  to  find  his  original 
description  of  it,  if  one  was  ever  published.  In  Johnstone's 
"History  of  British  Zoophytes,"  2d  edition^  (1847),  the 
[generic  and  specific  descriptions  of  Sarcodidyon  caienata  are 
given  on  Forbes'  authority,  but  without  any  reference  to  a 
publication,  while  the  few  rough  but  characteristic  figures  of 
the  appearance  of  the  colony  aie  stated  to  be  reproductions 
of  Forbes'  drawings.  From  this  it  seems  likely  that  Forbes 
did  not  publish  an  account  of  Sarcodictyon  previous  to  1847, 
but  supplied  Dr  .JoiiTistoiie  witli  Ilio  di'i:i:niitji-iis  uml  lij^irca 
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cruise  among  the  Hebrides  during  August  1850  he  dredged 
Sarcodictyon  catenata  and  also  a  second  species,  Sarcodictyon 
agglomcrttta,  "in  30  fathoms  water  off  Croulin  Island,  and 
also  between  Eaaa  and  Scalpa."  In  this  paper  Sarcodictyon 
agglomcTata  is  described  as  a  new  species,  and  a  brief 
account  is  given  of  its  external  appearance,  in  which  it  is 
stated  that  the  colour  is  "  invariably  ochraceous  yellow," 
while  "  the  polype  cells,  instead  of  being  arranged  in  single 
file,  are  grouped  together  in  assemblages  of  from  three  to 
five,  each  group  being  connected  with  its  neighbours  by  a 
stolon-like  extension  of  the  polypidom." 

In  the  previous  summer,  in  his  "  Report  on  the  Investiga- 
tion of  British  Marine  Zoology  by  means  of  the  Dredge," 
read  before  the  British  Association  at  Edinburgh,^  Forbes 
bad  referred  to  the  two  species  of  Sarcodictyon  as  having 
been  found  in  the  following  localities : — S.  catenata,  in  1845, 
off  Armadale,  Sound  of  Skye,  IJ  mile  from  shore,  depth, 
25  fathoms,  bottom,  mud  and  stones ;  in  1845,  at  entrance 
of  Sound  of  Skye,  J  mile  from  shore,  depth,  20  to  30  fathoms, 
bottom,  mud  and  stones;  in  1850,  in  Aros  Bay,  Sound  of 
Mull,  1  mile  from  sbore,  depth,  25  fathoms,  bottom,  stones 
and  sand ;  in  1850,  off  Croulin  Island,  J  to  1  mile  from 
shore,  depth,  25  fathoms,  bottom,  gravel;  also  in  Clyde 
district,  depth,  20  fathoms,  bottom,  stones ;  and  in  Hebrides, 
depth,  15  to  20  fathoms,  bottom,  atones  and  shells.  S. 
agglomerata,  in  1850,  off  Croulin  Island,  i  mile  from  shore, 
depth,  30  fathoms,  bottom,  stones  and  gi'aveL  Hence  1845 
appears  to  be  the  date  of  the  discovery  of  Sarcodictyon 
catenata. 

In  the  "  Annals  and  Magazine  of  Natural  History "  for 
1858,*  Mr  P.  H.  Gosse  has  a  paper  "  On  Sarcodictyon  cateiutta 
(Forbes),"  in  which  he  gives  an  account  of  a  small  colony  of 
the  species,  which  he  found  on  the  south  coast  of  England, 
and  succeeded  in  keeping  alive  for  some  time  in  an  aquarium. 
Some  points  in  his  description  will  be  referred  to  further  on. 

In  December  1867,  Pourtales,  in  the  "  Contributions  to  the 
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Fauna  of  the  Gulf  Stream," '  described  a  new  species,  Sar- 
eodictyon  rwjosum,  as  having  been  found  off  Havana  in  1270 
fathoms.  His  brief  diagnosis  contains  what  are  probably 
generic  characters  only,  with  the  exception  of  the  statement 
"  colour  dirty  white,"  consequently  it  is  difficult  to  aay 
whether  or  not  S.  ruffoaum  is  really  distinct  from  the  British 
species. 

Id  1870,  Mr  W.  Savilte  Kent,  id  a  short  paper  "On 
two  new  genera  of  Alcyonoid  Corals  taken  in  the  recent 
Expedition  of  the  Yacht  'N'oma'  off  the  coast  of  Spain  and 
Portugal,"  ^  described  a  new  genus,  Gymnomrca,  with  one 
species,  G.  bathybius,  found  off  the  coast  of  Cezimbra,  Portugal, 
at  a  depth  of  500  fathoms.  The  short  generic  description 
seems  to  be  applicable  in  every  detail  mentioned  to  any  of  the 
described  species  of  Surcodictyon,  so  that  if  really  distinct 
Oymnosarca  must  be  a  very  close  ally  indeed.  The  above, 
with  the  exception  of  a  passing  reference  to  the  structure  of 
Sareodictyon  in  a  paper'  by  Mr  Sydney  Hickson  just  pub- 
lished, is  the  entire  literature  of  the  genus,  so  far  as  I  have 
been  able  to  ascertain. 

In  regard  to  the  zoological  position  of  the  genus,  Milne 
Edwards  and  Haime,  in  their  synopsis  of  tite  genera  of 
Zoophytes,*  place  Sareodictyon  in  the  family  Alcyonidn, 
sub-family  Cornularinie.  Forbes  *  objects  to  this,  and  insists 
upon  its  close  relationship  to  Alcyonium,  from  which,  ha 
says,  "it  differs  merely  in  the  stoloniferous  method  of  growth." 
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III.  Steoctpral, 

A  colony  of  Sarcodictyon  catenaia  preseiita  the  appearance 

of  a  narrow  band,  the  stolon,  adhering  to  the  surface  of  a 

stone  or  fragment  of  shell,  and  bearing  at  intervals  conical 

enlargements,  the  polypes.^ 

The  Stolmi  is  flattened  from  above  downwards  so  as  to  form 
a  comparatively  thin  cmst  closely  attached  to  the  stone  or 
shell.  It  is  thickest  in  the  middle  of  its  breadth,  and  thin 
at  the  edges,  so  that  in  section  its  upper  surface  is  convex. 
Ikfost  of  the  pieces  of  stolon  which  I  have  measured  are  from 
l^S  to  2  mm.  in  breadth,  a  few  are  narrower  or  broader.  In 
some  cases  I  have  found  free  tips  of  stolons  not  connecting 
polypes,  which  were  tapering  and  very  thiu.  These  were 
clearly  growing  points.  They  were  of  a  paler  colour  than 
the  rest,  being  almost  colourless  in  the  red  variety,  and  quite 
colourless  in  the  yellow  variety. 

In  a  few  cases  (see  right-hand  end  of  PI.  I.,  Fig.  1)  the 
stolon  is  enlarged  at  its  edges  to  form  an  espansion  of  con- 
siderable breadth,  which  may  even  occasionally  (PI.  L,  Fig.  2) 
support  several  polypes  side  by  aide.  Hence  the  polypes  are  not 
always  placed  in  a  single  series.  Such  a  case  appears  not  to 
have  been  met  with  by  Mr  Hickson,  and  it  seems  to  supply 
a  link  in  his  chain  leading  np  to  an  expanded  lamellar  stolon 
underlying  all  the  polypes  of  a  colony,  as  in  the  case  of 
Tubipora.*  Its  bearing  upon  Forbes'  Sarcodictyon  agglo- 
merata  I  shall  discuss  later  on. 

The  stolou  expands  slightly  as  it  approaches  the  base  of  a 
polype,  and  is  usually  narrowest  half-way  between  two 
polypes.  The  stolons  branch  frequently,  but  always  at  the 
base  of  a  polype,  a  branch  never  being  given  off  between  two 
polypes.  They  also  anastomose,  the  points  of  union  being 
again  always  at  a  polype,  so  that  in  the  networks  formed 

'  The  colonieg  I  have  eismined  vatj  in  Uie  number  of  tboir  polypea  ftom 
3  to  about  ISO.  Gosae  (Joc  dt.,  p.  276)  speaks  of  somB  polypes  aa  being 
iwUtad.  I  huva  not  met  with  any  iu  that  condition.  My  colonies  noniber 
H  foUowB :— Yellon  variflty.  Loch  Fyne,  12  and  1*  polypea  ;  red  TnriBty, 
Lwsh  Fyue,  3,  4,  S,  17,  GO,  120,  and  150 ;  red  variety,  Umluk,  30,  83,  SG, 
S7,  GO,  77,  and  a  few  othara  not  counted, 

•  Qaart  Jonr.  Micro.  Science,  vol.  xxiLi,,  No.  xcii.,  p.  S76,  1883. 
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(see  PL  I.,  Fig.  1)  a  polype  ie  always  placed  at  each  angle 
of  the  meshes.  Of  course,  in  order  to  form  a  closed  mesh, 
hesides  branching,  anion  must  bave  taken  place  between 
the  growing  tips  of  two  stolons,  but  I  have  not  been  able 
to  find  tnices  of  this  in  any  of  my  specimens,  and  conse- 
quently I  am  unable  to  say  whether  the  union  takes  place 
at  the  base  of  a  polype  oi  between  two  polypes. 

In  one  or  two  cases  I  found  the  growing  tips  of  stolona 
projecting  beyond  the  edges  of  the  stone  to  which  the  colony 
was  attached,  and  one  of  these  bad  three  small  polypes  on  it, 
thus  showing  how  a  colony  projecting  freely  upwards  might 
be  developed  from  an  incrusting  form. 

The  Polypes  vaiy  somewhat  in  form,  but  are  always  more 
or  less  dome-shaped  or  conical,  with  the  top  truncated.  In 
B  couple  of  cases  the  polypes  upon  one  surface  (probably  the 
lower  one)  of  a  stone  were  much  lower  than  those  upon  the 
other  surface.  Fig.  5  on  PL  I.  shows  the  most  usual  shape 
of  polype  in  profile  view.  It  rises  very  considerably  above 
the  surface  of  the  stone,  even  in  this  contracted  condition, 
and  doubtless  attains  a  much  greater  height  when  living 
and  expanded. 

I  did  not  succeed  in  getting  any  of  my  colonies  to  ex- 
pand ;  but  Mr  Gosse  describes  his  living  polypes  as  having, 
when  expanded,  a  height  of  ^  of  an  inch,  and  a  diameter 
of  -^  of  an  inch.  The  nsual  size  of  my  retracted  speci- 
mens is  2  mm.  in  diameter  at  the  base,  and  2  to  '. 
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Fig.  14  in  PL  I.  shows  a  transverse  section  through  the  lobea, 
The  grooves  between  these  lohes  are  in  some  specimens  con- 
tinued down  the  side  walla  of  the  body,  so  as  to  be  visible  id 
profile  view  as  lines  extending  nearly  to  the  base  (PI.  I., 
Fig  5).  In  a  specimen  not  quite  so  much  contracted  as  the 
one  shown  in  Fig.  6,  the  terminal  aperture  was  wide,  the 
lobes  were  very  regular,  and  a  colourless  mass,  formed  by  the 
upper  part  of  the  body  bearing  the  mouth  and  the  tentacles, 
was  visible  in  the  aperture  between  them  (see  PI  I.,  Fig.  7), 
Consequently,  the  terminal  aperture  in  Figs.  5,  6,  and  7  is  not 
the  mouth  opening,  but  is  merely  the  termination  of  the  non- 
retractile  side  walls  of  the  body. 

This  non-retractile  part  of  the  body  is,  like  the  stolon, 
coloured  either  dull  red  or  pale  yellow,  according  to  the 
variety,  but  the  retractile  region  above  is  either  much  paler 
and  more  transparent,  or  usually  quite  colourless.*  It  is 
shown  in  PI.  I.,  Fig.  8,  which  has  been  constructed  by  com- 
bining portions  of  two  or  three  partially  expanded  pol3T)es. 
Its  upper  end  bears  the  mouth,  surrounded  hy  the  eight  com- 
pound tentacles,  which  seem  to  have  a  slight  web  uniting 
their  bases,  the  result  being  that  the  body  seems  in  profile 
view  to  expand  slightly  at  its  upper  end. 

The  tentacles  (PI.  I.,  Figs.  8-11)  are  not  long  (2  to  2-5 
ram.  in  length),  and  are  broadest  about  half-way  up.  They 
taper  to  a  rather  blunt  point  at  the  tip.  In  one  or  two 
cases  (see  Fig.  11)  the  tip  is  .bifurcated.  Short  stumpy  pinnss 
are  borne  on  the  sides  of  the  tentacles ;  there  are  from  10  to 
20  of  these  pinme  upon  each  side,  14  to  16  are  usual 
numbers.  They  are  largest  on  the  wide  central  part  of  the 
tentacle,  and  decrease  in  size  towards  the  base  and  the  tip. 
There  are  usually  three  or  four  pairs  of  very  short  pinnej  at 
the  base  of  each  tentacle  (see  Fig.  9). 


A. — Anatomy. 
The  general  anatomy  of  each  polype  is  of  the  ordinary 
Alcyonarian  type.     The  mouth,  which  is  placed  on  the  sum- 

'  In  OEo  apccimou  of  Ilia  ordinary  red  rariety  1  noticed  tliBt  the  tentaelea 
and  upper  part  of  the  body  wore  aligtitly  but  distinctly  yoUow,  thus  ronniog 
an  interesting  tnuuution  to  the  yellow  rariety  with  coloutlou  ipiculea. 
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mit  of  a  slight  eminence  (PI.  I.,  Fig.  12),  leads  into  the  gaatric 
tube  or  stomodEeum,  the  tlatteued  lumen  of  which  is  much 
encroached  upon  by  thickenings  of  the  walls.  This  tube  opens 
freely  at  its  lower  or  aboral  end  into  a  body  cavity,  which  is 
limited  by  the  base  below,  and  by  the  body  walls  at  the  sides, 
while  it  is  continued  above  into  the  cavities  of  the  tentaclea 
This  body  cavity  is  crossed  by  eight  delicate  membranes,  the 
mesenteries,  which  are  att&ched  to  the  outer  wall  of  the 
gastric  tube  at  equidistant  points  (which  alternate  with  the 
tentacles  above),  and  radiate  outwards  to  l>e  attached  by  their 
outer  edges  to  the  inner  surface  of  the  body  wall 

Three  layers  enter  into  the  constitution  of  the  body:  l«f,tlie 
ectoderm  covers  the  entire  outer  surface  of  the  base  and  body 
wall,  both  retractile  and  non-retractile  parts,  of  the  tentacles 
and  their  pinnai,  and  is  continued  in  at  the  mouth  opening 
to  line  the  gastric  tube  in  its  entire  extent ;  2d,  the  cndoderm 
lines  the  body  cavity  throughout,  coats  both  latcml  faces  of 
the  eight  mesenteries  and  the  outer  surface  of  the  gastric 
tube,  and  lines  the  inner  suifaces  of  the  tentacles ;  3d,  the 
mesoderm  lies  in  all  parts  of  ttie  body  between  ectoderm  and 
endoderm,  consequently  it  enters  into  the  couii»oHition  of  the 
body  wall,  the  tentacles,  the  gastric  tube,  nnd  the  mesenteries. 
In  some  places  the  mesoderm  becomes  greatly  thickened,  and 
in  certain  regions  may  develop  calcareous  spicules  in  its 
interior. 

In  a  transverse  section  through  the  upper  part  of  the  body 
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the  result  being  that  the  eight  inter-meseiiteric  spaces  are 
lined  throughout  by  endodeim.  Each  inter-mesenteric  space 
is  continued  into  the  cavity  of  a  tentacle. 

A  transverse  section  through  the  body  further  down,  at  about 
the  level  of  the  retracted  mouth  (see  VI.  I.,  Fig.  18),  shows 
externally  the  body  wall,  while  from  its  inner  surface  the  eight 
mesenteries  project  towards  the  centre  of  the  aectioo.  After 
running  some  distance  inwards,  they  become  complicated  and 
split  into  two  lateral  halves,  which  join  the  side  walls  of  the 
neighbouring  tentacles  (PI.  I.,  Fig.  18,  hi.),  seen  cut  at  various 
angles,  and  lying  retracted  in  the  inter-mesenteric  chambers. 
The  open  central  space  in  the  section  is  the  region  immedi- 
ately above  the  mouth  opening.  Fig.  19  on  PI.  I.  represents  a 
section  cut  obliquely  through  the  lower  end  of  the  invaginated 
tube,  so  as  to  show  the  passage  from  the  one  condition  to  the 
other.  The  upper  half  of  the  section  shows  the  invt^jinated 
tube  and  the  simple  attached  mesenteries,  while  the  lower 
half  shows  the  thickened  and  complicated  mass  formed  by 
the  retracted  tentacles  lying  in  the  inter-mesenteric  chambers. 

A  longitudinal  section  through  one  of  the  polypes  in  a 
retracted  condition  shows  the  body  wall  turned  in  at  the 
top  of  the  section,  to  continue  the  non-retractUe  into  the 
retractile  portion  (PI.  I.,  Fig.  13).  The  retractile  or  invagi- 
nated portion  {i.  t.)  is  found  to  be  folded  upon  itself,  so  as  to 
form  a  sac-like  involution  on  each  side  of  the  section.  The 
true  mouth  opening  is  shown  at  ni,  while  the  lower  end  ot 
i.  t.  indicates  the  upper  edge  of  the  side  wall  of  the  body  in 
the  completely  expanded  condition.  The  region  between  the 
dotted  lines  from  In.  is  one  of  the  tentacles  cut  in  section ; 
its  tip  is  seen  opposite  In.  From  this  section  it  is  obvious 
that,  when  retracted,  the  tentacles  are  received  into  the 
inter-mesenteric  chambers,  and  are  partially  but  not  com- 
pletely invaginated,  the  invagination  extending  for  roughly 
about  half  of  their  length,  while  the  terminal  portion  lies 
within  the  cavity  formed  by  the  invaginated  portion. 

The  mouth  leads  into  the  gastric  tube,  which  is  found  in  such 
a  longitudinal  section  to  have  its  walls  thrown  into  a  number 
of  strongly- marked  horizontal  folds,  the  result  being  that  in 
a  transverse  section  of  such  a  contracted  polype  the  wall  of 
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the  gastric  tobe  may  be  cut  twice  or  even  thrice,  instead  of 
once.  Such  a  condition  is  seen  in  Fig.  4  on  PL  IIL,  where 
the  wall  of  the  gastric  tube  appears  three  times  in  one  part 
of  the  section. 

In  a  section  lower  down,  below  the  gastric  tube,  the  inner 
enda  of  the  mesenteries  are  Free,  but  thickened  and  eon- 
▼dnted,  as  will  be  described  further  on. 


B. — Histology. 

The  histology  of  the  different  parte  of  the  animal  must  now 
be  considered  in  detail  The  ectoderm  is  covered  in  the  nou- 
letractile  part  of  the  body  wall  by  a  delicate  structurelesa 
cuticle.  GoBse  ^  inferred  that  the  integument  was  of  a 
chitinous  nature,  from  the  way  in  which  the  dead  polype 
retained  its  form.  The  cuticle  is  clearly  visible  in  most  of 
my  sections  through  the  non-retractile  portion  of  the  body 
wall ;  and  I  have  succeeded  in  some  places  in  tearing  it  off, 
so  as  to  have  it  in  the  isolated  condition.  At  first  I  thought 
it  was  confined  to  this  non-retractile  part  of  the  body  wall, 
but  as  I  afterwards  found  a  delicate  layer  visible  covering 
the  ectoderm  lining  the  upper  part  of  the  invaginated  tub^ 
it  is  probable  that  it  is  secreted  over  the  whole  surface  of  the 
ectoderm,  though  possibly  it  is  much  thicker  on  the  non- 
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fusiform  connective-tissue  cells,  and  penetrated  in  all  direc- 
tions by  a  system  of  branching  and  anastomosing  tubnlea  lined 
by  endoderm  cells,  and  continuous  with  the  body  cavity. 
There  are  also  a  large  number  of  spaces  in  the  matrix  of  the 
mesoderm,  simple  lacuna  which  lie  between  the  endoderm 
tubules  (see  PI.  II.,  Fig.  10,  /(ic.),and  are  found  chiefly  in  the 
outer  part  of  the  body  wall  (PL  111.,  Fig.  1,  lac).  Probably 
these  spaces  communicate  with  the  tubules. 

The  mesoderm  also  contains  curiously  shaped  calcareous 
spicules,  which  are  rare  in  the  upper  parts  of  the  body 
wall,  but  abundant  in  the  lower  parts  and  in  the  stolon, 
where  they  form  an  almost  continuous  layer,  and  add  greatly 
to  the  strength  and  stiffness  of  the  tissues.  These  spicules 
are  of  a  dull  red  colour,  and  give  to  the  body  wall,  and  thus 
to  the  whole  colony,  its  characteristic  Ime.  In  the  pale 
variety,  from  Loch  Fyne,  the  spicules  are  colourless,  and  the 
alight  tint  of  the  colony  is  due  to  the  soft  tissues  of  the 
animah 

The  spicules  vary  greatly  in  shape,  sometimes  they 
are  rod-like,  sometimes  branched  or  forked,  and  sometimes 
plate-like,  but  usually  more  or  less  ecbinated  or  spinose.  I 
have  been  able  by  examining  an  immense  number,  a  selec- 
tion from  which  are  represented  on  PI.  II.,  to  make  out 
that  all  the  different  forms  are  produced  by  the  union  of  a 
few  simple  spicules  shaped  like  a  wedge,  or  more  exactly 
like  a  quadrilateral  terminated  by  an  isosceles  triangle. 
This  simple  form  is  shown  at  Fig.  'A  on  1*1.  II. 

In  the  young  growing  point  of  the  stolon  of  a  specimen 
(see  PI.  1.,  Fig.  4}  of  the  yellow  variety  from  Loch  Fyne,  I 
found  the  comparatively  simple  spicules  shown  in  Figs.  1  and 
2  on  I'l.  II.  Fig,  1  shows  these  spicules  in  their  relative 
positions,  minified  about  50  times.  Fig.  2  gives  a  few  of 
them  more  highly  magnified  to  show  their  composition  out  of 
simple  wedges,  a  is  formed  of  two  rods.  In  h  the  rods  are 
spinose.  In  c  they  have  bifurcated,  rf,  c,  and  /,  are  formed 
of  irregular  wedges.  In  g  three  wedges  have  joined,  h  also 
shows  three  wedges  with  a  space  for  the  narrow  end  of  a 
fourth.  In  i  four  wedges  have  united  symmetrically.  In  j 
and  k  they  are  more  irregular.     While  in  '  they  form  a  cross, 
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and  their  lines  of  junction  are  almost  obliterated.  Fig.  6, 
Fl.  II.,  shows  a  series  of  spicules  from  the  growing  point  of 
the  stolon  of  the  red  variety.  Here,  in  addition  to  forma 
similar  to  these  described  above,  there  are  also  to  be  frequently 
seen  rosettes,  formed  by  the  imion,  more  or  less  regularly,  of 
six  wedges. 

In  Fig.  5  on  PL  II.  a  mass  of  spicules  from  the  meso- 
derm of  the  body  wall  is  shown.  They  are  drawn  in 
their  relative  positions,  and  form  as  may  be  seen  a  dense 
layer.  In  the  lower  part  of  the  body  wall  they  are  in  some 
places  several  layers  thick.  In  most  of  them  the  lines 
indicating  the  union  of  wedges  have  become  obliterated,  but 
here  and  there  they  can  still  be  traced,  and  all  the  various 
forms  found  may  be  reduced  to  a  small  number  of  simple 
spicules  tmited  by  their  narrow  ends,  and  usually  more  or 
less  spinose  on  their  surfaces.  When  more  highly  magnified 
these  spicules  are  found  to  present  a  minutely  dotted  or 
granulated  appearance,  such  as  is  represented  in  Fig.  4, 
PI.  II. 

In  the  upper  part  of  the  body  wall,  the  spicoles  be- 
come slighter,  less  numerous,  and  paler  in  colour,  and 
the  red  colour  of  the  body  wall  ceases  altogether  a  short 
distance  below  the  tentacles.  Above  this,  and  in  the 
tentacles  themselves,  spicules  are  present,  but  they  are  slender 
and  perfectly  colourless.  Xo  spicules  are  found  in  the 
upper  three  pairs  or  so  of  pinns  and  the  corresponding 
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lying  freely  in  the  inter-mesenteric  chambers.  They 
appeared  to  be  endoderm  cells. 

Tubules  are  given  off  from  the  body  cavity  into  the  thick 
mesoderm  of  the  body  wall,  and  these  are  all  lined  by 
endoderm  cells  continued  in  from  the  surface  (PI.  III.,  Fig.  1, 
en.  cm).  The  nuclei  of  these  cells  form  conspicuous  dots  on 
the  walls  of  the  tubules  in  sections  stained  with  picro-car- 
mine.  These  tubules  probably  open  into  the  lacunje  lying  in 
the  mesoderm,  and  both  tubules  and  lacuna  are  continued 
into  the  stolons,  and  thus  form  a  communication  between 
the  body  cavities  of  the  different  polypea  of  the  colony. 

In  the  cavities  of  the  tentacles,  the  endoderm  cells 
are  more  regularly  cylindrical  (PL  II.,  Fig.  14,  en),  and 
are  probably  provided  with  cilia,  since  Goaao  states  ^  that  he 
observed  ciliary  action  in  the  interior  of  the  tentacles  in  the 
bving  polypa 

The  mesoderm  of  the  tentacles  is  a  thin  layer  formed 
almost  entirely  of  muecular  fibres  (PL  II.,  Fig.  14,  nwa.). 
Most  of  these  fibres  run  longitudinally,  and  are  clearly 
visible  in  a  squeezed  or  teazed-out  tentacle  under  a  high 
magnification  (PI.  II.,  Fig.  13).  They  run  in  irregular  bundles 
along  the  tentacle,  and  are  continued  out  into  the  pinn%,  up 
which  they  may  be  traced  to  the  tip.  There  is  also  a  slightly 
developed  layer  of  cijcularly  running  fibres  encircling  the 
tentacle  transversely,  and  placed  beneath  the  longitudinal 
layer  (PI.  II.,  Fig,  14,  m./.c.). 

The  ectoderm  of  the  tentacles  has  apparently  no  cuticle, 
and  the  cells  are  not  squamous  but  more  rounded,  cubical, 
or  low  columnar  in  fonn,  with  distinct  nuclei  wlucii  stain 
readily  in  picro-carmine.  The  surface  of  the  tentacles 
la  not  smooth,  but  ia  raised  up  every  here  and  there  into 
low  ridges  or  projections  (see  Figs.  13  and  14  on  PI.  II.), 
These  elevations  are  due  to  the  ectoderm  alone,  which  in  suoh 
places  is  two  or  three  layers  deep,  and  has  on  its  surl'ace 
between  the  cells  numbers  of  very  small  nematocyats  and 
palpocila.  I  did  not  find  nematocysts  in  the  ectoderm  of 
any  other  part  of  the  body. 

The  irregularly  stellate  lumen  of  the  iuvagiuated  tube  is 
'  hoc  eU„  p.  277. 
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bounded  by  ectoderm  cells,  one  rov  thick  in  most  places, 
but  coDtlnued  here  and  there  into  the  subjacent  mesoderm 
in  the  form  of  strings  of  cells  serersl  rows  deep,  and 
occasionally  forming  short  tubules  or  cieca.  These  may 
branch  or  join  one  another,  or  may  be  united  by  strings 
of  ectoderm  cells  having  no  lumen  (PL  IIL,  Fig.  6,  ee. 
cat.). 

The  mesoderm  of  the  vail  of  the  invaginat«d  tube  is  thick. 
In  some  places  where  it  forms  the  projections  into  the  Inmen 
(see  PI.  I.,  Fig.  16)  it  is  thicker  than  the  mesoderm  of  the 
non-retractile  part  of  the  body  wall.  The  projections  probaUy 
correspond  to  the  terminal  lobes  of  Figs.  6  and  7,  and  tlie 
external  ridges  of  Fig.  5.  The  mesoderm  of  the  inv^nated 
tube  is  a  homogeneous  matrix,  with  a  few  fusiform  connectiTe 
tissue  cells  scattered  through  it  It  usually  has  a  considerable 
number  of  lacume,  especially  in  its  inner  or  ectodermal  part^ 
and  opposite  to  the  insertion  of  the  mesenteries  (PL  IIL, 
Figs.  1  and  5),  where  the  laconee  extend  outwards  towards 
the  endodenual  surface.  This  arrangement  of  lacunas  is  just 
what  is  to  be  expected  from  the  fact  that  the  invaginated  tube 
is  merely  the  upper  part  of  the  body  wall  retracted  (see  PL 
I.,  Fig.  13).  The  mesoderm  also  encloses  the  ectodermal 
strings  of  cells  or  ceeca,  given  off  from  the  invaginated  tube. 
In  its  outermost  layer,  just  inside  the  endoderm,  the  mesoderm 
contains  a  delicate  layer  of  longitudinal  muscles  (PL  IIL, 

;.  1)  continuous  with  those  of  tlie  iiK'gfDteriea.      Probably 
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inner  surface  of  the  invaginated  tube  I  could  not  determine. 
Probably  there  is  no  communication. 

The  eight  mesenteries  appear  to  be  similar  in  all  respects 
in  this  part  of  the  body.  Each  consists  of  a  plate  of 
mesoderm  connecting  the  mesoderm  of  the  invaginated  tube 
with  that  of  the  body  wall,  and  covered  on  both  faces  by 
a  layer  of  endoderm  continuous  with  the  endoderm  lining 
the  body  cavity.  Superiorly  the  mesenteries  join  the  upper 
wall  of  the  body  between  the  tentacles  when  the  polype  is 
fully  extended,  wiiile  below  the  gastric  tube  they  are  con- 
tinued down  in  a  modified  condition  to  the  baae  of  the  body 
cavity. 

Throughout  the  upper  part  of  the  mesentery  the  mesodermal 
plate  is  thin  (PI.  I.,  Fig.  16),  and  homogeneous  except  on  its 
lateral  edge,  where  there  are  thin  layers  of  muscular  fibres, 
which  appear  in  transverse  sections  as  rows  of  small  dots 
(PI.  III.,  Fig.  1).  These  muscles  are  visible  on  the  faces  of  the 
mesentery  in  surface  view  as  strong  longitudinal  fibres,  with 
a  few  oblique  ones  crossing  them  (PL  11, ,  Fig.  15,  m.f.  I.), 

Lower  down,  in  the  portion  of  the  mesentery  which  joins 
the  gastric  tube,  the  mesoderm  is  thicker  and  the  muscula- 
ture stronger.  The  peculiar  plaiting  by  which  a  thick 
bundle  of  muscle  may  be  formed  out  of  a  single  layer  of  fibres, 
as  E.  Hertwig'  has  described  in  the  Actiniaria,  is  here 
found  well  developed.  The  single  row  of  muscle  fibres  is 
bent  many  times  backwards  and  forwards,  bo  as  to  form  a 
deeply  sinuous  line  in  transverse  section  (PI.  III.,  Figs.  2  and 
3).  The  homogeneous  mesoderm  is  developed  into  shorter 
and  longer  ridges  and  projections,  so  as  to  support  the 
sinuosities  of  the  muscular  layer  lying  on  it.  This  forma- 
tion of  a  branched  figure  in  transverse  sections,  with  pinnte 
and  sometimes  pinnules,  is  well  developed  on  one  face  only  of 
each  mesentery  (PI.  111.,  Fig.  3),  but  is  sometimes  present 
to  a  slight  extent  on  the  other  face.  By  this  anatomical 
feature  one  face  of  a  mesentery  may  be  distinguished  from  the 
other,  and  in  Sarcodidi/on,  just  as  in  the  Actiniaria  *  and  the 

'  Zoalog;  of  tlie  Voyage  ofU, M.S.  "  Challeuger, "  Fart  XV. ,  Report  on  tha 
Actinuria,  p.  5. 
•  See  Hertwig,  loc.  cit. 
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Pennatglida/  the  mesenteries  are  symmetrically  uranged 
(PL  I.,  Fig.  18),  the  pair  at  one  end  of  the  body  having  their 
muscular  faces  turned  towards  each  other,  while  those  at  the 
opposite  end  hare  them  turned  away. 

Further  down  the  body,  below  the  gastric  tube,  the 
mesenteries  become  even  more  complicated.  Their  inner 
free  edges,  which  are  continued  down  from  the  lower  end  of 
the  gastric  tube  are  greatly  and  irregularly  thickened,  con- 
voluted, and  frequently  joined  together  to  form  the  craspeda 
or  mesenterial  filaments  *  (PL  II.,  Fig.  9).  The  result  is  that 
the  edge  of  the  same  mesentery  may  be  cut  several  times  in 
the  same  section,  and  thus  variously  complicated  figures  are 
produced  The  thickenings  which  constitute  the  craspeda  are 
almost  entirely  due  to  the  growth  of  the  endoderm  covering 
the  edge  of  the  mesentery,  although  the  mesoderm  is  also 
increased  and  continued  into  the  branched  and  convoluted 
endodermal  processes  as  a  homogeneous  supporting  layer. 

The  endoderm  cells  of  the  mesenteries  form  a  continuoui 
layer  throughout,  covering  both  faces  and  the  free  inner  edge 
below  the  gastric  tube,  and  being  in  direct  continuity  with 
the  endoderm  layer  lining  the  body  wall,  and  that  coating  the 
outer  surface  of  the  gastric  tube.  The  cells  (PI.  III.,  Fig.  8,  mi.) 
are  rounded,  or  of  short  columnar  or  cubical  form  usually  one 
layer  deep,  but  in  some  places  an  inner  vety  delicate  layer  of 
flattened  cells  is  distinctly  visible  lyii^  between  the  ordinary 
endoderm  cells  and  the  layer  of  mnscular  fibres.    These  inner 
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The  gastric  tube  which  is  continued  down  from  the  elongated 
mouth  opening  (PI.  I.,  Fig.  12)  is  flattened  so  as  to  be  irregularly 
elliptical  in  transverse  section.  At  one  end  of  the  longer  axis 
are  placed  the  two  mesenteries  which  have  their  muscular  faces 
turned  towards  each  other,  while  the  two  mesenteries  at  the 
other  end  have  the  corresponding  faces  turned  from  each  other. 
Hence  the  inter-mesenteric  chamber  at  the  one  end  contains 
two  pinnate  muscles,  and  that  at  the  other  end  contains  none 
(see  PI.  I.,  Fig.  18).  The  remaining  six  inter-mesenteric 
chambers — three  on  each  side — have  each  one  pinnate  muscle. 

The  wall  of  the  gastric  tube  is  thick  and  is  much  folded  upon 
itself,  both  vertically  and  horizontally  {PI.  I,,  Fig.  13).  It  is 
lined  by  a  layer  of  ectoderm  continued  through  the  mouth 
opening  from  the  ectoderm  lining  the  invaginated  tube.  Fig.  8 
on  PI.  III.  shows  half  of  the  gastric  tube  in  transverse  section 
highly  magnified.  The  ectoderm  layer  (ec.)  is  seen  to  be 
thrown  into  ridges  and  grooves,  and  is  formed  of  long  columnar 
cells  closely  placed.  No  cilia  were  visible  in  my  specimens, 
although  they  are  probably  present  in  the  living  condition. 
The  "  siphonoglyphe  "  was  not  distinct,  probably  on  account 
of  the  corrugation  of  the  wall,  but  I  recognised  traces  of  it 
here  and  there  in  a  few  of  the  sections,  by  means  of  the  very 
long  cilia  which  were  still  attached  to  the  cells. 

Outside  this  epithelium  is  a  thick  layer  of  mesoderm  formed 
of  an  inner  mass  of  muscular  fibres,  and  an  outer  comparatively 
narrow  homogeneous  band  (ntes.)  which  is  continuous  with  the 
mesoderm  of  the  mesenteries.  This  outer  structureless  layer 
of  mesoderm  has  a  narrow  line  of  muscle  fibres  on  its  outer 
side  just  beneath  the  endoderm,  and  these  fibres  are  con- 
tinuous with  the  muscles  on  the  sides  of  the  mesenteries. 

The  endoderm  forming  the  outermost  layer  of  the  gastric  tube 
is  like  the  endoderm  lining  the  body  wall,  and  is  continuous 
with  the  same  layer  of  cells  on  the  faces  of  the  mesenteries 
(PL  III..  Fig.  8).  In  such  cases  as  the  one  represented  in 
Fig.  4  on  PI.  III.,  where  the  wall  of  the  gastric  tube  has 
been  cut  several  times  in  the  same  horizontal  plane,  the 
different  transverse  sections  are  exactly  similar,  the  second 
and  third  being  merely  i-epetitions  of  the  first  or  inner  one  so 
far  n  atiucture  is  concerned. 
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Uafortunately  cone  of  the  polypes  which  I  examined  or 
eectiODiaed  contained  reproductive  organs.  I  searched  most 
carefully  over  the  free  edges  of  the  mesenteries  in  a  number 
of  sections,  but  was  unable  to  find  anything  which  could 
be  considered  as  even  the  young  condition  of  ova  or  sperm 
cells.  Gosse,'  in  describing  his  living  specimen,  talks  of 
a  mass  at  the  lower  end  of  the  body  which  be  saw  through 
the  body  walls,  as  being  probably  the  ovaries  on  account 
of  its  opacity,  but  possibly  it  was  merely  the  thickened 
mass  of  craspeda  which  I  have  described  above.  It  is 
not  even  known  yet  whether  or  not  sU  the  polypes  in  a 
colony  of  Saroodietyon  are  of  one  sex  as  is  the  case  in  Ftnna- 
tvia^  and  many  other  Alcyonaria.  I  hope  to  investigate  this 
and  a  few  other  undetermined  points  in  fresh  material  on 
some  future  occasion. 


rv.  Fdtal. 
In  conclusion,  the  two  forms  which  I  dredged  in  Loch  Fyne, 
and  which  I  have  referred  to  above  as  the  red  and  the  yellow 
"  varieties,"  seem  to  dififer  in  nothing  but  colour,  which  is  dne 
to  the  spicules  in  the  one  case  being  of  a  red  tint>  while  in 
the  other  case  they  are  colourless.  Hence  both  forms  moat 
be  considered  as  Sarcodidyon  catcnata  (Forb.).  In  Alcyonium 
digitatvm  in  the  same  way  two  very  distinct  colours  of  colony 
are  found. 
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polypes.  Snch  a  condition  is  shown  on  PL  I.  in  Fig  2. 
and  at  the  right-hand  end  of  Fig.  1 ;  and  this  seems  to  unite 
the  first  characteristic  of  Forbes'  Sarcodictyon  agglomerata,  with 
the  other  features  oiS.  catenata.  Then  the  second  characteristic 
of  S.  agglomeraia  is,  of  course,  seen  in  my  yellow  variety  of 
S.  catenata.  Hence,  if  Sarcodictyon  agglomeraia  is  really  a 
distinct  species  from  8.  eaieTiata,  it  wiU  require  to  be  care- 
fully examined  and  redescribed;  and  I  have  shown  above  that 
Pourtales'  S.  nigoswrn  is  insufficiently  characterised,  and  does 
not  seem  from  the  published  description  to  differ  from  the 
British  species.  Consequently  there  is,  bo  far  as  I  am  aware, 
only   one  well-marked    species   of   Sarcodictyon  known   to 
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The  following  objectives  have  been  used  while  drawing 


3win,  lii 


The  following  system  of  lettering  has  been  adhered  to 
throughout : — 


cut.,  cuticle. 

ec,  ectoderm. 

ee.  ea.,  ectodermal  creca. 

*».,  endodenn. 

en.    ca.,    ebdodennal    cicca    or 

tubules. 
g.  (.,  gwtric  tabo. 
i.  my.,  int«nnesenteric  chamber. 
*.  (. ,  invagiiiBted  tube. 
lac,  kcniui  in  mesodenn. 
lo.,  lobe, 
m.,  month. 


ma.,  meaoienn. 

m.  /.  c,  circular  muaiular  fibres. 

m.  /.  I.,  longitudinal  muscular  fibres. 

m.  my.,  mesenteric  muscles. 

my.,  mesentery. 

nem.,  nematocfst. 

p.,  polype. 

sp.,  spicule. 

al.,  stolon. 

tn.,  tentacle. 

In.  p. ,  pinna  of  tentacle. 


PLATE  I. 
Fig.  1,  A  colony  of  SareodiOyim  oatenala  (Forbes),  red  Tariety, — natural 

-  Fig.  2.  Part  of  another  colony,  showing  several  polypes  on  a  common  ex- 
panded stolon, — natural  size. 

Fig.  S.  Pwt  of  another  colony  with  rather  a  thick  stolon,— natural  size. 
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Fig.  4.  Fvt  of  ■  oolonj  of  tlia  yelloir  rarietf,  from  Loch  Fynfl, — uitaial 

Fig.  5.  A  poljpa  In  the  rctrBctcd  condition, — snltTged. 

Fig.  6.  Tbe  same  leeu  from  nbove,  sIiowiDg  the  ulterior  end, — enlaced.    - 

Fig.  7.  Anterior  end  of  mother  polype  not  comtiletely  retracted,     eiil>rg>J. 

Fig.  8.  Anterior  put  of  in  expanded  polfpe,  from  tbe  lide, — snlsrgad. 

Fig.  9.  Three  of  the  piimate  tenticlei  dimected  off  to  «how  their  caritiei^ 


Fig.  10.  A  UQgle  tentacle,  with  a  very  small  tip, — enlarged. 

Pig.  11.  End  of  a  tentacle  with  no  tip,  tenninating  in  a  pair  of  pinna,— 
enlarged. 

Fig.  IS.  Dineetion  of  the  front  part  of  the  body,  to  show  the  eleratad 
month  between  the  tentacles, — anlarged. 

Fig.  IS.  Vertical  section  of  tbe  npper  peat  of  a  retracted  polype.  Rich  « 
Fig.  6.    ObjectiTe— Swift,  1  inch. 

Fig.  II.  TTansTerae  section  of  a  polype  along  a  d  in  Fig.  13.  ObjectiTe — 
Swift,  I  Inch. 

Fig.  16.  Small  portion  (m.)  of  last  Fig.  more  highly  magnified.  Objectira 
—Swift,  i  inch. 

Fig.  16.  Tianirerae  taction  of  polype  along  o  D  in  Fig.  18.  ObjectiT*— 
Swift,  1  inch. 

Fig.  17.  Central  part  of  another  lection  similar  to  lut.  Objectiv^-Swlfl^ 
liuch. 

Fig.  18.  Tranarene  aection  of  polype  along  b  f  in  Fig.  13.  OlyeetiTa— 
Swift,  1  inch. 

Fig.  16.  Obliqne  section  of  polype  along  lines  b  in  Fig.  13  (npper  edge  of 
Figure  corraaponda  to  O,  lower  to  h).      ObjectJre — Swift,  1  inch. 

PLATE  II. 

Fig.  1.  The  colonrleaa  epicnlea  of  a  small  portion  of  the  yonng  stolon  o(  tha 

yellow  rariaty.  Loch  Fyne.     In  their  natural  positions.     Objective— SwUt, 


Notes  on  Sula  Sgcir  and  North  Bona,  with  List  of  Birds,      51 

Fig.  12.  Part  of  one  side  of  a  tentacle,  showing  the  cavity  and  the  longi- 
tudinal muscles.     Objective — Swift,  1  inch. 

Fig.  18.  Small  part  of  last  figure  more  highly  magnified  to  show  muscles, 
etc     Objective — Zeiss,  t*»  oil-immersion. 

Fig.  14.  Longitudinal  section  through  the  wall  of  the  tentacle  to  show  its 
structure.     Objective — Zeiss,  -^  oil-immersion.    ■ 

Fig.  15.  Small  portion  of  the  surface  of  a  mesentery  in  upper  part  of  body. 
Objective — Swift,  J  inch. 

Fig.  16.  Part  of  a  section  through  the  mesoderm  of  the  body  wall,  to  show 
the  tubules  and  lacunse.     Objective— Swift,  i  inch. 

PLATE  III. 

Fig.  1.  Part  of  a  transverse  section  through  the  upper  part  of  a  retracted 
polype.     Objective — Swift,  \  inch. 

Fig.  2.  Transverse  section  of  part  of  the  body  wall  and  a  mesentery,  in 
lower  part  of  polype.     Objective — Zeiss,  ^  oil-immersion. 

Fig.  8.  Transverse  section  of  part  of  another  mesentery  to  show  tlie  muscle 
fibres.     Objective — Zeiss,  ^  oil-immersion. 

Fig.  4.  Half  of  a  transverse  section  through  the  gastric  tube,  etc.  Objective 
— Swift,  1  inch. 

Fig.  5.  Small  portion  of  a  tran verse  section  through  upper  part  of  retracted 
polype.    Objective — Swift,  \  inch. 

Fig.  6.  Another  small  portion  of  a  similar  section,  to  show  the  ectodermal 
c«ca.     Objective — Swift,  \  inch. 

Fig.  7.  Small  part  of  optical  section  of  a  mesentery,  showing  nerve  cells. 
Objective — Zeiss,  ^  oil-immersion. 

Fig.  8.  Part  of  a  transverse  section  through  the  gastric  tube.  Objective — 
Zeiss,  ^  oil-inmiersion. 


II.  Notes  on  the  Islands  of  Sula  Sgeir,  or  North  Barra  and 
North  Bona,  with  a  List  of  the  Birds  Inhabiting  them. 
By  John  Swinburne,  Esq. 

(Read  19th  December  1883.) 

In  the  early  part  of  this  season,  1883,  as  our  yacht  the 
"  Medina "  was  lying  idle  at  her  moorings,  I  determined  to 
start  for  a  cruise  among  the  Outer  Hebrides,  intending  to 
visit,  among  other  places,  Hysgeir  off  Cauna,  and  the  Flannan 
and  Shiant  Islands — all  of  them  localities  which  have  been 
made  well  known  to  the  ornithological  world  by  the  very 
fuU  descriptions  that  have  been  given  of  them  by  Mr  Harvie- 
Biown. 

Mentioning  my  intention  to  my  friend,  Mr  Dalgleish,  he 
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suggested  that  as  I  had  a  good,  sea-worthy  craft,  I  might  as 
-well  extend  my  cruise  to  Sula  Sgeir  and  North  Kona,  which 
were  comparatively  unknown.  Tliis  I  succeeded  in  doing, 
and  imagining  that  my  account  might  be  of  interest,  I  wrote 
out  a  short  description  of  my  visit  Since  returning  home  I 
have  heen  able,  through  the  kindness  of  Mr  Dalgleish,  to 
obtain  several  extracts  from  notes  made  by  visitors  to  both 
Sula  Sgeir  and  Rona,  which  are  given  below,  though  few  of 
them  refer  to  ornithology. 

On  Monday,  June  18,  I  left  Stomoway,  in  the  yacht 
for  Ness  Harbour,  near  tlie  Butt  of  Lewis,  where  I  wished 
to  get  a  pilot,  and  at  2  a.m.  on  Tuesday  morning  I  was 
awakened  and  told  that  we  were  off  Ness. 

Going  on  deck,  I  found  we  were  off  the  Butt  of  Lewis,  in 
a  dead  calm,  with  a  ground  swell  rolling  in  from  the  north- 
west, such  as  I  have  seldom  seen.  The  boat  was  lowered 
with  great  difficulty,  and  I  proceeded  ashore 

Ness  is  a  very  strange  place,  being  a  large  bay  open  to  the 
south-east,  the  top  of  which  is  formed  by  a  stretch  of  beauti- 
ful white  sand,  on  which  a  heavy  surf  breaks  continuously. 
The  sides  are  formed  by  broken  cliffs,  and  on  the  north  side 
of  the  bay  is  the  so-called  liarbour,  which  is  merely  a  slip 
where  the  fishermen  haul  up  their  boats. 

I  had  considerable  difficulty  at  first  in  getting  any  one  to 
volnnteer  to  act  as  pilot,  as  all  the  men  were  just  going  oat 
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About  5  p.m.  we  sighted  Sula  Sgeir  from  aloft,  a  little  on 
the  weather  how,  and  shortly  after  Kona  appeared  further 
to  windward.  Ahout  7  p.m,  we  were  close  to  Sula  Sgeir, 
so  I  ordered  the  hoat  to  be  lowered,  at  the  same  time  telling 
MacLeod  that  we  did  not  want  him  ashore.  He  smiled 
rather  grimly  without  answering,  but  just  as  we  shoved  off 
he  suddenly  fell  into  the  hoat  with  a  mighty  crash,  very 
nearly  capsizing  her.  Evidently  he  had  not  the  slightest 
intention  of  letting  me  loose  among  the  gannets  by  myself. 
He  seemed  to  look  upon  them  as  his  own  private  property. 

The  landing-place  we  made  for  is  on  the  east  or  south-east 
side  of  the  island.  I  believe  there  is  another  and  a  better 
one  on  the  north-west  side,  but  there  was  a  very  heavy 
swell  rolling  in  from  that  quarter. 

The  landing  had  to  he  effected  on  a  very  steep  rock  by 
watching  for  an  opportunity,  and  then  making  a  wild  leap  at 
the  shore  before  the  boat  fell  for  the  next  sea. 

As  soon  as  we  were  safe  ashore,  MacLeod  made  straight  for 
the  south-western  end  of  the  island  where  the  ganneta  were, 
and  he  stuck  to  me  like  a  leech  the  whole  of  the  time  I 
was  anywhere  near  this  enormous  gannet  nursery, 

The  nests  were  placed  chiefly  on  the  level  top  of  the 
island  and  not  on  the  cliffs,  and  covered  the  whole  of  the 
western  portion,  being  placed  so  close  together  that  it  was 
difficult  to  avoid  stepping  on  the  eggs.  The  greater  number 
of  the  birds  got  up  from  their  nests  when  I  got  within  about 
three  feet  of  them,  but  a  good  many  remained  sitting  and  bit 
at  my  trousers  as  I  passed. 

MacLeod  had  a  very  strong  objection  to  my  touching  the 
gannets'  eggs,  because,  as  I  afterwards  found  out  from  him,  a 
boat  comes  out  from  Ness  every  autumn  about  the  beginning 
of  September,  to  take  back  a  cargo  of  the  young  birda,  which 
are  salted  down  for  winter  food. 

I  was  surprised  to  observe  at  this  late  date  that  only  about 
10  per  cent,  of  the  gannets'  eggs  were  hatched,  and  I  even 
took  fresh  ones,  although  most  of  the  guillemots  were  hatch- 
ing, and  at  the  Bass  most  of  the  gannets  are  sitting  by  tlie 
end  of  April  On  leaving  the  gannetry  I  went  down  a  nasty 
cli£f  on  the  north  side  to  get  some  guillemots'  eggs,  in  spite  of 


1^^^   . 
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the  ■warning  yells  of  SlacLeod,  who  thought  it  a  very  mad 
exploit  I  was  fortunate  enough  to  take  several  eggs  of  the 
bridled  guillemot  {Lonima  Iroile,  var.  riuf/rin)  from  under  the 
sitting  birds,  thus  thoroughly  authenticating  them. 

Seeing  that  MacLeod  hatl  retired,  either  not  wishing  to 
behold  my  sad  end,  or  intent  on  tlie  slaughter  of  the  luckless 
puffin  (at  which  he  was  a  great  adept),  I  reascended  the 
cliff,  and  made  a  second  attack  on  the  ganncts,  after  which  I 
turned  my  attention  to  the  island  itself. 

The  earliest  account  of  the  island  of  Sula  Sgeir  of  which 
we  have  any  record  is  that  of  Dean  Munro,  who  visited  it 
in  1549. 

He  says,'  "  be  sexteen  myle  of  sea  to  this  lie  (i«..  Bona), 
towards  the  west  lyes  ane  ile  callit  Suliakerry,  ane  myle 
lang  without  grasse  or  hedder,  witli  highc  black  craigs  and 
black  fonge  thereupon  part  of  them."  He  goes  on  to  say 
how  the  Lewis  men  come  out  for  the  feathers  and  young 
birds,  and  enters  upon  a  long  <lescription  of  tlie  manners  and 
customs  of  a  bird  which  he  calls  a  "colk,"  and  which  is 
evidently  the  eider  duck  (^Somatena  moUiasima),  which  I 
found  breeding  there  in  limited  numbers,  A  subsequent 
visitor  to  Bona,  Dr  MacCulloch,*  who  visited  it  in  1819,  bat 
owing  to  a  heavy  sea  was  unable  to  land,  pves  a  very  short 
account  of  Sula  Sgeir,  only  mentioning  its  being  a  great 
ganoet  resort.  The  last  account  we  have  is  that  of  Mr  T.  S. 
Muir,  who  seems  to  have  visited  the  island  about  1860.     I 
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is  in  part  grassy.  This,  I  think,  is  an  error,  as  I  only  saw  a 
few  patches  of  the  comraon  sea  pink  (Anneria  mariUma). 
He  also  refers  to  the  existence  of  the  ruins  of  several  atone 
huts  or  houses  near  the  aoutb-east  end,  and  says  that  near 
the  same  spot  are  those  of  a  small  cell  called  Tigh  Bean- 
naichte  (Blessed  house),  14  feet  long,  the  width  varying  from 
8  feet  in  the  centre,  to  G  feet  4  inches  at  the  ends.  The  roof 
is  curved  and  covered  with  stone  slabs.  The  door,  which  is 
placed  on  the  south-west  aide,  is  3  feet  5  inches  in  height 
There  is  also  a  small  window  in  tlie  east  end,  under  which  is 
an  altar  stone  2  feet  8  inches  in  length.  MacLeod  informed 
me  that  the  huts  were  built  by  the  Lewis  men,  who  live  in 
them  for  the  seven  or  eight  days  they  take  in  killing  and 
packing  the  young  gannets,  or  any  longer  time  they  may 
have  to  stay  on  the  island,  owing  to  the  sudden  springing  up 
of  a  gale. 

The  cell  mentioned  by  Mr  Muir  was  probably  erected  for 
the  use  of  those  who  came  from  Eona  or  Lewis  for  a  similar 
purpose  in  Eomau  CathoUc  times.  On  one  occasion,  now 
some  years  ago,  a  crew  from  Ness  in  tlie  latter  island  had 
their  boat  wrecked  in  landing  at  Sula  Sgeir  in  the  month  of 
June,  and  lived  on  the  island  for  several  weeks,  sustaining 
themselves  on  the  flesh  of  birds.  Captain  Oliver,  who  com- 
manded the  llevenue  cruiser  "  Prince  of  Wales,"  visited  Sula 
Sgeir  in  the  mouth  of  August  to  look  for  the  lost  boat  He 
found  the  wreck  of  it,  also  an  oat  on  end  with  an  old  pair  of 
canvas  trousers  on  it,  and  over  the  remains  of  a  fire  a  pot 
containing  birds'  flesh ;  but  there  being  no  trace  of  the  men, 
it  was  thought  they  must  have  been  picked  up  by  a  passing 
vessel.  Nothing  more  was  heard  of  them  until  the  month  of 
October  following,  when  a  Bussian  vessel  on  her  homeward 
voyage  met  a  Stornoway  craft  in  the  Orkneys,  and  informed 
the  crew  of  tlie  latter  that  they  had  taken  the  men  off  Sida 
Sgair  and  landed  them  in  Eona.  Captain  Oliver  at  once 
went  to  Eona,  and  found  the  crew  consuming  the  last  barrel 
of  potatoes  which  the  poor  shepherd  had.  He  took  away  the 
former,  and  left  the  latter  eufflcient  provision  for  the  winter. 
Having  thus  quotetl  all  the  published  descriptions  of  Sula 
Sgeir  that  I  know  of,  I  shall  proceed  with  my  own  notes. 
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Dean  Munro's  ideas  of  distance  seem  to  be  a  little  vague, 
as  the  chart  makes  Sula  Sgeir  about  10  miles  west  by  south 
of  Rona, 

Sula  Sgeir  is  about  half  a  mile  long  by  about  300  yards 
wide  at  the  narrowest  part,  which  is  just  opposite  the  land- 
ing place  we  used.  It  lies  about  north-east  and  south-west. 
The  western  end  forms  a  steep,  rocky  bluff,  tolerably  level  oa 
the  top.  The  island  slopes  downward  in  the  centre,  and 
rises  again  into  a  rounded  mass  of  rock  at  the  eastern  end. 
Tlie  whole  of  the  western  end  is  surrounded  by  steep  clil^ 
and  has  its  upper  surface  covered  witJi  huge  blocks  and  slaba 
of  stone,  among  the  crevices  of  which  a  few  sea  pinks  grow. 
It  is  on  this  part  and  not  on  the  east  end  that  the  huts,  about 
three  in  number,  are  situated.  They  are  indeed  curious  look- 
ing erections,  being  built  of  huge  blocks  of  stone  piled  np 
together,  and  generally  having  no  other  opening  than  the 
door.  Most  of  them  were  abont  8  feet  by  5  feet,  by  4  feet 
high.  At  the  time  of  my  visit  they  were  tenanted  chiefly  by 
cormorants,  which  built  in  them. 

One  of  the  yachtsmen  excitedly  described  to  me  how, 
having  crawled  into  a  hut  with  the  innocent  intention  of 
examining  its  interior,  he  was  immediately  attacked  by  a 
terrible  black  bird,  which  scratched  and  bit  him,  all  the  while 
giving  vent  to  the  most  appalling  croaks  and  groans,  and 
how,  after  a  tremendous  battle  in  the  dark,  the  enemy  was 
slain,  and  being  bronyl 


Notes  on  Siila  S>/ei'. 


I  North  Rona,  with  List  of  Birds.      57 


inquiiy  I  found  that  the  pilot,  to  save  himself  the  trouble  of 
wholly  plucking  some  razorbills  which  he  wished  to  cook, 
had  lapld  them  over  the  stove  to  singe  off  the  feathers. 

After  ninning  towards  the  Butt  of  Lewis  for  about  two 
hours,  as  the  weather  got  no  worse,  we  went  about  and 
stood  back  towards  Kona,  which  I  was  very  loth  to  leave 
imvisited. 

At  about  three  on  "Wednesday  morning,  June  20th,  we  left 
the  yacht  to  land  on  Eona. 

There  are  one  or  two  places  where  a  boat  can  land  in 
moderate  weather  on  this  island,  we  chose  a  alight  indenta- 
tion near  the  centre  of  the  south  side  owing  to  the  heavy 
north-westerly  swell  which  was  still  running.  On  landing  we 
had  to  drag  the  boat  up  a  very  steep  rock,  and  then  jam 
stones  under  her  to  prevent  her  from  slipping  down  again. 

Before  I  enter  upon  my  own  description  of  Eona,  I  shall 
give  a  few  extracts  from  notes  made  by  previous  visitors. 

The  earliest  published  account  of  Eona  that  I  am  aware 
of  is  that  of  Dean  Mnnro  before  referred  to.  He  gives  a 
very  quaint  description  of  the  island  and  its  inhabitants — 
for  there  were  then  several  families  on  the  island — speak- 
ing of  them  as  "  simple  people  scant  of  ony  religione," 
although  a  little  further  on  he  says, "  within  this  Ue  there 
ia  ana  chappell  callit  St  Eonay's  chappell."  ^ 

He  states  that  "  abundance  of  com  growes  on  it  by  delving 
oulie,"  also  that  the  meal  made  therefrom,  which  was  very 
white,  was  sufficient  to  feed  the  people  and  pay  their  rents, 
tf^ether  with  the  "superexcrescens"  of  a  number  of  "ky 
and  achiepe  "  kept  by  them. 

Speaking  of  St  Kona's  Chapel,  Dean  Munro  mentions  the 
following  curious  superstition  of  the  natives :  "  unto  quhilk 
chapell,  as  the  ancients  of  the  country  alledges,  they  leave 
an  spaid  and  ane  shuil  quhen  any  man  dies,  and  upon  the 
morrow  findes  the  place  of  the  grave  markit  with  an  spaid 
as  they  alledge.  In  this  ile  they  used  to  take  many  quhailles 
(whales)  and  utliers  grate  fisches  "  (fishes). 

"  Eona "  means  the  "  Island  of  the  Seals,"  therefore  the 
saint  must  have  taken  his  name  from  the  island,  and  not 
'  Miscellanea  Scotica,  ii.,  Ji.  152, 
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the  island  its  name  from  the  saint,  aa  might  possibly  be 
thought. 

Another  autiior  of  a  somewhat  later  period,  in  a  "  Descrip- 
tion of  the  Lews  by  John  Morisone,  ludueller  there,"  ^  gives 
the  following  particulars  about  Bona : — 

"  There  are  also,  17  leagues  from  the  Lews,  and  to  the  north 
of  it,  the  islands  called  Suliskerr,  which  is  the  westmost, 
and  Bonay,  fyve  myls  to  the  eas[t]  of  it ;  Bonay  (onlle) 
inhabited,  and  oidinarlie  be  five  small  tennents.  There  ordinar 
is  to  have  all  things  common:  they  have  a  considerable 
grouth  of  victuall  (onlie  bear).  The  best  of  their  sustinance 
is  fowl,  which  they  take  in  gims,  and  sometimes  in  a  stoniue 
night  they  creep  to  them  where  they  sleep  thickest,  and 
throwing  some  handfuUs  of  sand  over  there  heads  as  if  it  wer 
hailes,  they  take  them  be  the  necks.  Of  the  grease  of  thoae 
fowlls  (especiallie  the  Solind  QooseJ  they  make  an  excellent 
oyle,  called  the  gibanirtick,  which  ia  exceeding  good  for  heal- 
ing of  anie  sore  ore  wound  ore  cancer,  either  one  man  or  beast. 
This  I  myself  found  true  by  experience,  by  applying  of  it  to 
the  legg  of  a  young  gentleman  wliicli  had  been  inflamed  and 
cankered  for  the  space  of  two  years,  and  his  fatlier  being  a 
trader  south  end  north,  sought  all  phlsicians  and  doctors  with 
whom  he  hade  occasion  to  meet,  but  all  was  in  vain.  Yet  in 
three  weeks  tyme,  being  in  my  hous,  was  perfetlie  whole  be 
applying  the  forsaid  oyle.  The  way  they  make  it  ia — they  put 
the  grease  and  fatt  into  the  great  gutt  of  the  fowU,  and  so  it 
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of  Seaforth  in  the  form  of  meal  packed  in  sheep-skins,  and 
sea-birds'  feathers.  The  inhabitants  seem  to  have  met  twice 
or  thrice  daily  in  the  chapel,  and  to  have  been  Koman 
Catholics.  They  had  evidently  become  more  pious  since 
Dean  Munro's  visit. 

Martin,'  writing  about  the  same  date,  gave  a  curious 
account  of  the  island  and  its  inbabitants  as  related  to  him 
by  Mr  Daniel  Morrison,  minister  of  Barvas  in  Lewis,  who 
then  appears  to  have  possessed  it  as  part  of  his  glebe,  and 
who  had  visited  it  in  person.  The  minister  mentions  the 
chapel  as  being  in  use  by  the  natives,  and  that  they  kept  it 
very  neat  and  clean.  The  houses  he  described  as  being 
thatched  with  straw.  The  next  account  is  that  of  Dr 
MacCulloch  the  geologist,  who  seems  to  have  visited  the 
island  in  1819.  At  the  time  of  hie  visit  there  was  only  one 
cottar  family  left. 

The  Doctor,  referring  to  Bona  as  it  was  about  the  year 
1670,  says;*  "Some  years  have  now  passed  since  this 
island  was  inhabited  by  several  families  who  contrived  to 
subsist  by  uniting  fishing  to  the  produce  of  the  soil.  In 
attempting  to  land  on  a  stormy  day  all  the  men  were  lost 
by  the  upsetting  of  their  boat,  since  which  time  it  has  been 
in  the  possession  of  a  principal  tenant  in  Lewis.  It  is  now 
inhabited  by  one  family  only,  consisting  of  six  individuals 
of  which  the  female  patriarch  has  been  forty  yeara  on  the 
island.  The  occupant  of  the  farm  is  a  cottar,  cultivating 
it  and  tending  50  sheep  for  his  employer,  to  whom  he  is 
bound  for  eight  years,  an  unnecessary  precaution,  since  the 
nine  chains  of  the  Sty.t  could  afford  no  greater  security  than 
the  sea  that  surrounds  him,  as  he  is  not  permitted  to  keep  a 
boat  During  a  residence,  now  of  seven  years,  he  had, 
with  the  exception  of  a  visit  from  the  boat  of  the 
'  Fortuni^e,'  ^  seen  no  face  but  that  of  his  employer  and  his 
own  family." 

In  a  not*  he  also  says,  "  On  the  appearance  of  our  boat, 
the  women  and  children  were   seen  running  away  to  the 

'  Description  of  tlio  Western  Inlands  of  Scotland,  London,  1703,  p.  IV. 

'  Op.  cit.,  vol.  i.,  p.  2oe. 

■  Then  emplojed  in  cmixing  after  tlio  President  in  1312. 
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diffa,  to  hide  themselveB,  loailed  with  the  very  little  moveable 
property  they  possessed,  while  the  niaa  and  his  bod  were 
employed  in  driving  away  the  sheep.  We  might  have 
imE^ined  ourselves  landing  in  an  island  of  the  Pacific 
Ocean.  A  few  wordB  of  Gaelic  soon  recalled  the  latter,  bat 
it  was  some  time  before  the  females  came  from  their  retreat 
— very  unlike,  in  look,  to  the  inhabitants  of  a  civilized 
world." 

Speaking  of  the  houses,  Dr  MacCulloch  says,  "  Such  is  the 
violence  of  the  wind  in  this  region,  that  not  even  the  solid 
mass  of  an  Highland  hut  can  withstand  it  The  hoDse 
is  therefore  excavated  in  the  earth,  tlie  wall  required  for 
the  support  of  the  roof  scarcely  rising  two  feet  above  the 
surface.  The  roof  itself  is  but  little  raised  above  the  level, 
and  is  covered  with  a  great  weight  of  turf,  above  which 
is  the  thatch — the  whole  being  sarrounde<1  by  turf  stacks 
to  ward  oGf  the  gales.  The  entrance  to  this  subterranean 
retreat  is  through  a  long,  dark,  narrow,  and  tortuous  passage, 
like  the  gallery  of  a  mine,  commencing  by  an  aperture  not 
three  feet  high,  and  veiy  difficult  to  find.  With  a  little 
trouble  this  might  be  effectually  concealed ;  nor,  were  the 
fire  suppressed,  could  the  existence  of  a  house  be  suspected, 
the  whole  having  the  appearance  of  a  collection  of  turf 
stacks  and  dunghills.  Although  our  conference  lasted  some 
time,  none  of  the  party  discovered  that  it  was  lield  on  the 
top  of  the  house.     .     .     .     The  interior  strongly  resembles  a 
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sheep,  was  to  the  tacksman  the  value  of  North  Bona.  To 
the  latter  the  land  was  let  for  £2  a  year. 

Such  is  Dr  MacCulloch's  account  of  North  Eona. 

Captain  Burnahy,  R.R,  who  had  charge  of  the  Ordnance 
Sui-vey  in  Lewis  about  thirty-six  yeara  ago,  givea  the  fol- 
lowbg  description  of  the  physical  features  of  the  island; 
"  This  island  ia  situated  in  the  Atlantic  in  latitude  59°  7'  15' 
48,  and  longitude  5°  48'  50"  45  west,  and  forms  part  of  the 
Lewes  property,  and  lies  about  38  miles  N.E,  of  the  Butt  of 
Lewes,  with  which  and  Cape  Wrath  it  forms  a  triangle, 
which  is  very  nearly  equilateral.  From  ita  highest  point, 
which  is  nearly  360  feet  above  the  level  of  the  sea,  Cape 
Wrath,  a  considerable  portion  of  the  neighbouring  shore,  and 
some  of  the  Lewes  and  Harris  hills  can  on  a  clear  day  be 
distinctly  seen  without  the  aid  of  glasses.  In  figure  it  bears 
a  striking  resemblance  to  a  long-necked  glass  decanter,  with 
the  neck  towards  the  north.  Its  greatest  length  is  nearly 
one  mile,  its  greatest  breadth  the  same.  At  its  north  end 
there  is  a  portion  about  half  a  mile  in  length,  which  varies 
in  breadth  from  ten  to  twenty  chains.  About  half  of  this 
portion  is  composed  of  stratified  rock  without  a  particle  of 
vegetation.  This  is  the  lowest  part  of  the  island,  its  eastern 
shore  sloping  gently  to  the  sea,  and  its  western  one,  though 
rugged  and  broken,  not  more  than  UO  feet  in  altitude.  The 
southern  portion  is  broader  and  more  elevated,  the  largest 
part  of  it  being  ^  of  a  mile  broad,  and  the  two  hills  on  the 
east  and  west  not  less  than  350  feet  high,  that  on  the  east 
being  the  higher  of  the  two  by  about  40  feet ;  the  seaward 
bases  of  both  these  hills  form  steep,  precipitous  cliffs,  which 
in  many  places  are  inaccessible." 

"  The  rocks  around  Eona  are  few  and  small,  the  only  ones 
which  are  more  than  two  chains  from  the  shore  being  Gouldig 
Beag  and  Gouldig  Mor ;  the  latter  is  about  half  a  mile 
flouth  of  the  south-east  point  of  the  island,  and  the  other  ia 
between  that  and  the  shore.  There  is  another  small  rock 
seen  only  at  low  water  near  the  south-west  point,  which  is 
dangerous  to  navigators  who  may  attempt  to  cast  anchor  in 
its  neighbourhood.  The  soil  of  liona  is  good,  and  the  pasture, 
though  not  luxuriant,  is  beautifully  green ;  indeed,  the  whole 
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Uland,  with  the  exception  of  about  50  acrea,  may  be  om- 
sidered  arable  loud,  interspersed  with  a  few  small  locka  and 
numerous  small  piles  of  stones.  .  .  .  There  are  neither 
rats  nor  mice  on  it.  It  has  no  peat  moss,  and  not  mach 
seaweed.  There  is  a  sufBciency  of  spring  water  on  itf 
southern  shore.  Seals  are  very  numerous  here,  bat  not 
easily  killed,  and  cod-fish  abound  around  its  coast.  The 
tides  rise  from  o  to  10  feet,  and  the  prevailing  wind  is  from 
the  south-west  The  beet  landing  places  are  Foul  Houtbsm 
on  the  south,  Skild%a  on  the  west,  and  Greodh  Sthu  on  the 
east — the  Snt  and  last  being  much  superior  to  the  oUier 
both  for  safety  and  accommodation.  The  most  favouiabU 
winds  are — for  Poul  Houtham  a  northerly  or  easterly  wind, 
for  Geodh  Sthu  a  southerly  or  westerly  one,  and  for  Skild^ 
a  southerly  or  easterly  one.  So  well  sheltered  is  Geodh 
Sthu  that  three  vessels  have  been  known  to  cast  anchor  at 
its  mouth  about  six  years  ago.  They  remained  daring  one 
night,  but  it  is  said  that  such  had  not  previously  occurred, 
nor  has  it  been  since  repeated.  Articles  of  any  weight  may 
be  safely  lauded  at  fiona  providing  the  weather  is  moderate, 
but  the  small  boat,  which  must  be  used  on  such  a  daty, 
should  invariably  be  drawn  up  on  the  shore  after  use." ' 

The  last  published  account  of  fiona  is  that  by  Mr  T.  S.  Muir, 
{M-eviously  referred  to,  bearing  date  1873.*    He  seems  to  have 
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of  nave  to  it,  the  internal  measurement  of  which  is  14  feet 
8  inches  by  8  feet  3  inches.  The  masonry  is  very  rude,  and 
seems  of  great  age,  certainly  of  some  centuries.  A  burying- 
gronnd,  surrounded  by  a  low  stone  wall,  is  attached  to  the 
building,  and  contains  several  plain  stone  crosses,  the  talleat 
of  which  is  about  30  inches  high.  I  shall  now  proceed  with 
my  own  short  notes. 

Mr  Muir's  description  of  the  chapel  is  so  accurate  that  1 
need  hardly  say  anything  more  about  it.  The  appearance 
also  of  the  ruina  of  the  houses  fully  corroborated  Dr  Mac- 
Culloch's  description,  I  was  struck  at  once  by  the  great 
thickness  of  the  walls,  as  well  as  by  the  fact  that  the  terreplein 
of  the  interior  was  sunk  below  the  level  of  the  surrounding 
ground.  The  last  family  which  lived  upon  Itona  was  that 
of  a  shepherd  named  Donald  M'Leod,  otherwise  the  "  King 
of  Rona,"  who  returned  to  Lewis  in  1844 ;  since  which  time 
it  has  been  uninhabited,  except  for  a  few  days  at  the  annual 
sheep -shearing  at  the  end  of  July. 

The  island  has  been  rented  for  upwards  of  230  years  by  a 
family  named  Murray  from  Lewis,  who  only  gave  up  their 
tenancy  in  the  present  year.  They  usually  kept  from  100  to 
160  sheep  of  the  blackfaced  breed  upon  it,  but  occasional 
losses  from  their  falling  over  rocks  or  being  stolen  by  the 
crewa  of  passing  vessels  were  not  infrequent.  On  one  occa- 
sion, however,  the  owners  of  a  vessel  whose  crew  had, 
through  scarcity  of  provisions,  been  tempted  to  "  lift "  a  few 
sheep,  honourably  sent  a  sum  of  money  in  pajTnent.  It  has 
now  been  let  to  Mr  Finlay  Mackenzie,  Habost,  Ness,  iu  the 
island  of  Lewis,  The  late  tenant  informed  Mr  Muii-  that 
the  rent  paid  by  the  resident  sub-tenants  of  Kona,  at  an  early 
period  considerably  before  his  family  became  tenants,  was 
partly  in  the  form  of  seal  oil.  I  saw  on  the  island  about 
forty  or  fifty  sheep,  which  seemed  to  be  very  wild. 

As  soon  33  we  landed,  I  made  straight  for  the  place  where 
the  pilot  said  the  petrels  bred.  This  turned  out  to  be  the 
spot  where  all  the  ruins  are  situated,  namely,  pretty  low 
down  on  the  grassy  slope  near  the  western  end  of  the  island. 
We  were  alt  soon  at  work  hauling  out  large  stones,  and 
scraping  with  our  hands,  guided  by  the  strong  musky  odour 
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which  pervaded  the  inhabited  burrowa  which  run  throngh 
and  through  the  thick  walls  of  the  old  buUdings,  the  latter 
of  which,  mixed  with  earth  and  turf  as  the;  were,  afforded 
unequalled  facilities  to  tlie  birds  for  the  purpose. 

Five  minutes'  steady  digging,  and  the  first  petrel  with  ita 
egg  was  brought  to  light  I  examined  it  eagerly,  and  was 
delighted  to  find  it  was  a  specimen  of  Leach's,  or  the  fork- 
tailed  petrel  {Procdlana  leucorrhoa).  Subsequently  we  dng 
out  twenty-two  more,  with  their  eggs,  all  within  an  hour  and 
a  half,  and  could  easily  have  obtained  a  great  many  others 
had  we  wished. 

This  colony  is,  I  therefore  imagine,  one  of  the  principal 
breeding  stations  of  this  species  in  the  Eastern  Hemisphere^ 
and  certainly  the  largest  in  Great  Britain,  the  only  other  yet 
known  being  on  one  of  the  St  Kilda  group,  found  by  Sir 
WUliam  Milner  in  1847.  Mr  Gray  also  states,  in  his  work 
on  the  "  Birds  of  the  West  of  Scotland,"  that  it  breeds  on  the 
island  of  Bum ;  but  this,  I  should  think,  requires  corroboration. 
I  have  searched  the  portion  of  the  island  mentioned  twice 
withont  finding  any  traces  of  them,  and  other  ornithologists 
have  been  equally  unsuccessfoL  I  cross-questioned  several  of 
the  Kum  shepherds,  who  at  first  said  that  petrels  did  breed  on 
that  island ;  but  when  I  asked  them  to  describe  the  bird,  they 
accurately  described  the  Manx  shearwater  (Pu^nua  anglorum), 
which  does  breed  in  Bum  in  great  numbers,  and  where  I  have 
taken  their  eggs.     Mr  Elwea,  in  his  article  on  "The  Bird 
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long  grass  near  the  centre.  They  were  very  wild,  and  I  could 
not  procure  a  specimen,  which  I  very  much  wished  to  do. 

As  we  were  returning  to  the  boat  I  observed  a  number  of 
seals  on  an  outlying  rock,  but  as  they  did  not  permit  of  a 
near  approach,  I  could  not  determine  the  species. 

The  rock  of  which  both  Rona  and  Sula  Sgeir  are  composed 
is,  according  to  MacCulloch,  gneiss,  alternating  with  beds  of 
horableude  schist,  equalling  or  exceeding  it  in  quantity,  and 
traversed  by  granite  veins. 

About  twelve  noon  I  returned  on  board  the  "  Medina," 
and  having  seen  all  sail  made,  turned  in,  with  the  gratifica- 
tion of  imagining  that  I  had  contributed  my  small  mite  in 
the  way  of  ornithological  discovery. 

List  of  birds  observed  on  Rona  and  Sula  Sgeir  : — 

Fulco  jyereffrinus  (Tunstall),  Peregrine  Falcon. — I  observed 
a  pair  of  these  birds  hovering  near  the  south-west  part  of  the 
cliff  on  North  Roua,  where,  I  have  no  doubt,  they  had  a  nest, 
from  the  outcry  they  made  when  that  portion  of  the  island 
was  approached. 

Saxicola  txnatUhc  (Linn.),  Wheatear. 

Antkua  pralensis  (Linn.),  Meadow  Pipit. 

Aniktis  obscwnis  (lath.).  Rock  Pipit. 

These  three  species  I  observed  on  Eona  only,  and  only  in 
very  small  numbers. 

PluilacrocoTax  graaUus  (Linn.),  Shag. — This  species  was 
largely  represented  on  both  islands.  On  Sula  Sgeir  they 
bred  in  the  huts  and  under  the  large  stones,  while  on  Rona 
they  bred  in  the  crevices  and  fissures  of  the  clifls,  and  under 
the  rocks  which  had  fallen  from  above. 

Srda  bassana  (Linn.),  Gannet. — The  gannets  now  breed 
only  on  Sula  Sgeir,  to  which  they  may  give  the  name. 
Gannets  are  said  to  have  bred  at  one  time  on  Rona,  but  on 
this  point  we  have  no  authentic  information.  If  true,  I 
imagine  the  nests  must  have  been  placed  on  the  cliffs.  Some 
idea  of  the  vast  numbers  of  gannets  frequenting  Sula  Sgeir 
during  the  breeding  season  may  be  formed  from  the  fact  that 
from  2000  to  2500,  and  in  some  years  as  many  as  3000 
young  birds  are  taken,  being  more  than  double  the  number 
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which  are  got  from  the  Bass  Bock  id  the  Fiith  of  Forth, 
where  in  Eome  years  not  more  than  800  are  obtained. 

Somateria  molliaaimn  (Linn.),  Eider  Duck. — Very  pleotifal 
on  Bona,  buihling  among  tlie  grass  at  some  distance  from  th» 
water.  1  also  took  a  nest  with  four  fresh  eggs  od  Sola 
Sgeir. 

Hatmatoptia  ostriUeffut  (Linn.),  Oystercatcher. — Sevenl 
pairs  were  found  on  North  Bona,  where  I  took  s  nest  on  the 
verge  of  the  cliff  at  the  height  of  about  200  feet.  I  never 
saw  an  oystercatcher's  nest  in  so  exalted  a  position  before. 

Sfumeniux  arquata  (Linn.),  Curlew. — AlMUt  five  or  six 
pairs  near  the  centre  of  North  Bona.  They  were  very  noisy, 
and  I  think  were  breeding,  although,  as  miglit  have  been 
expected,  we  could  not  find  the  young  birds.  1  was  sorry  I 
could  not  shoot  a  specimen,  as  it  seemed  to  me  to  be  a 
strange  place  for  curlews. 

Larua  argentatiu  ((imel),  Herring  tiull. — I  noticed  sevenl 
pairs  of  these  birds  on  Bona,  but  was  uiublo  to  get  any  of 
their  e^^. 

lAiriis  marinvs  (Linn.),  Greater  Black-liocked  GulL — 
Tliere  was  a  large  colony  of  these  birds  on  tlie  low  point  at  the 
western  end  of  Bona,  just  below  where  the  ruins  are  situated. 
The  ground  was  all  littered  over  with  feathers,  nest  material, 
etc.,  and  the  young  birds  were  to  be  seen  liiding  under  the 
stonea,  wliile  the  oM  oiie^  Created  a  ttrrille  din  ovei-liead, 
low  and  then  .■jwoopint,'  down  unpleasiiutiy  near  the  heads  of 
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within  a  few  miles  of  the  island,  and  have  no  doubt  that  it 
breeds  there. 

Alca  tarda  (Linn.),  Razorbill — Plentiful  on  both  islands. 
On  Sula  Sgeir  it  breeds  under  the  stones  on  the  level  surface 
of  the  island,  while  on  Eona  it  lays  its  single  egg  in  some 
hole  or  cranny  near  the  top  of  the  cliff. 

Lomvia  troile  (Linn.),  Guillemot — Plentiful  on  both  islands. 
On  Sula  Sgeir  I  was  surprised  to  find  it  breeding  oa  the 
level  top  of  the  island  among  the  pufSna  and  razorbills. 

Lomvia.  troile,  var.  rim/via,  Bridled  Guillemot — I  noticed 
a  good  many  birds  of  this  variety  on  Sula  Sgeii-,  where  I 
was  fortunate  enough  to  take  several  eggs  from  under  the 
birds. 

Uria  fjrylh  (Linn.),  Black  Guillemot — There  were  a  good 
many  of  these  birds  about  the  west  eud  of  Bona,  where  I 
took  one  egg.     I  did  not  see  any  on  Sula  Sgeir. 

Fratercuia  ardita  (Linn.),  Puffin. — This  species  simply 
swarmed  upon  both  islands.  On  Sula  Sgeir  they  were  to  be 
found  under  the  stones,  and  on  Rona  all  round  the  island 
wherever  they  could  burrow.  A  considerable  number  of  the 
young  are  annually  taken  for  the  purpose  of  being  salted  for 
food  in  the  same  manner  as  those  of  the  gannets.  Tins  is, 
however,  done  at  an  earlier  period — viz,  about  the  end  of 
July,  at  the  same  time  as  the  sheep-shearing  takes  place  on 
Rona.  From  500  to  1000  are  thus  captured;  they  are  either 
extracted  from  their  neate  by  means  of  a  hook  tied  to  the 
end  of  a  stick  about  2  feet  long,  or,  if  they  have  left  the  nest 
a  noose  attached  to  the  extremity  of  a  long  rod  is  slipped 
over  their  head  as  they  sit  on  the  rocks. 


III.  Remarht  on  ike  Genua  Megalichtbys  (Aga68i£),  witk 
DeacriplioH  of  a  New  Species.  By  Dr  R.  H.  TitAQCAlB, 
F.R.S.     [Plate  IV.] 

(Roitd  20th  February  1884.) 

There  can  be  no  doubt  that  the  name  Megalichihys  was 
originally  suggested  to  Agassiz  by  the  gigantic  teeth  of  the 
great  wnnd-scaled  fish  first  brought  into  notice  by  the  re- 
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searches  of  Dr  Hibbert  in  the  quarries  of  Burdiehouse,  though 
indeed  some  of  its  remains  had  long  previously  been  figured 
by  Ure  in  hia  "  History  of  Rutherglen  and  East  Kilbrid&" 
Uncontrovertible  evidence  of  this  may  be  found  by  referring 
to  the  Proeeeditu/B  of  the  British  Association  for  1834,  and 
to  Dr  Hibbert's  original  memoir  on  the  BurdiehouBe  Lime- 
stone, published  in  the  Traiisactions  of  tlie  Royal  Society  of 
Edinburgh,  vol.  xiii,  1835.  But  with  the  remains  of  this  enor- 
mous creature  were  also  associated  and  confounded  certain 
rhombic  glistening  scales,  belonging  really  to  a  considerably 
smaller  fish  of  a  totally  different  genus,  and  when  Agassis, 
subsequently  to  the  meeting  of  the  British  Association  at 
Edinburgh  in  the  year  above  quoted,  found  in  the  Museum 
at  Leeds  a  head  of  this  latter  form,  or  at  least  of  an  allied 
species,  he  adopted  it,  by  description  and  by  figure,  as  the 
type  of  his  Mtgalicktkys  ffilberti,^  relegating  the  other  to  the 
genus  Soloptyckius.  This  latter,  the  real  "  big  fish,"  is  now 
known  as  Shieodua  Hibberli,  the  founder  of  the  genus  being 
Professor  Owen ;  and  though  it  may  be  a  matter  of  regret 
that  it  did  not  retain  the  name  Megalifhthys,  the  lave 
of  zoological  nomenclature  do  not  admit  of  any  alteration 
now. 

The  brilliantly  enamelled  scales,  head-plates,  and  teeth  of 
MegaUcMhya  are  amoug  the  commonest  vertebrate  remains 
found  in  the  estuarine  beds  of  the  Carboniferous  epoch  in 
Great  Britain;  iHn-crtln.'lt'^-;  ^pL'tiiucus  .'■ImninL;  the  lish  itself 
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however,  M*Coy  very  properly  struck  out  Diptenis}  which 
from  its  rounded  scales  he  classed  as  a  "  Coelacanth/'  and 
which  we  now  know  is  in  fact  a  Dipnoan,  allied  to  Ceratodus. 
The  probable  position  of  Megalichthys  in  the  "  Saurodipterini," 
was  also  indicated  by  Pander,  who  mentioned  its  close  re- 
lationship to  Osteolepis  in  the  arrangement  of  its  head  bones, 
the  shape  of  its  scales  and  teeth,  and,  above  all,  in  the  micro- 
scopic structure  of  its  hard  parts,  though  he  also  seemed  to 
hesitate,  on  account  of  our  want  of  knowledge,  of  the  conforma- 
tion and  position  of  its  fins.^  A  similar  opinion,  coupled  with 
a  similar  hesitation,  is  expressed  by  Professor  Huxley  in  his 
well-known  Essay  on  the  Classification  of  the  Devonian 
Fishes.* 

Professor  Young,  in  a  paper  on  "  Carboniferous  Glyptodi- 
pterines,"*  makes  some  observations  on  Megalichthys,  including 
a  statement  that,  ''  since  1861,  specimens  illustrating  the 
form  of  the  fins  have  been  acquired  by  the  Museum  (Jermyn 
Street),  but  the  description  and  illustration  of  these  parts 
are  reserved."  I  am  not  aware  of  any  account  of  these 
specimens  having  been  yet  published.  An  important  point 
is,  however,  his  abolition  of  M'Coy's  genus  Centrodvs  as  a 
mere  synonym  of  Megalichthys,  Centrodus  was  founded 
upon  a  detached  tooth  from  the  coal-measures  of  Carluke, 
Lanarkshire. 

Mr  J.  Ward  in  a  paper  on  the  "  Fishes  of  the  North  Stafford- 
shire Coal-field,"  classes  Megalichthys  in  the  family  Saurodi- 
pterini,  and  states,  moreover,  that  in  a  specimen  in  his  collec- 
tion the  pectoral  fins  are  well  preserved ; — "  They  are  lobate, 
i.e.,  the  central  portion  of  the  fin  is  covered  with  scales,  the 
fin-rays  forming  a  fringe  round  the  lobe."  ^ 

There  can  be  no  doubt  that  the  position  of  Megalichthys 
is  in  the  family  of  Saurodipterini,  as  defined  by  Pander,  and 
adopted  by  Huxley  and  other  writers.     In  every  matter  of 

1  British  Pal.  Fobs.,  p.  690-592. 

'  Die  Saorodipterinen,  etc.,  des  devonischen  Systems,  p.  5. 
»Dec.  Geol.  Survey,  x.,  1861,  p.  12. 
*  Quart.  Jour.  Geol.  Soc.,  xxii.,  1866,  pp.  596-608. 

»  North  Staffordsliire  Nat.  Field  Club  ;  Addresses  and  Papers.     Hunley, 
1875,  p.  228. 
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"  family  "  importance,  its  atructurc  conforms  closely  to  that 
of  OateoUpis. 

The  resemblance  of  the  scales  in  external  form  is 
sufficiently  obvious  to  every  one,  and  their  close  coTrespoDd* 
ence  in  microscopic  structure  may  be  seen  by  comparing  the 
figures  of  transverse  sections  given  by  Williamson  in  Megai- 
ichihya^  by  Pander  in  Osteotrpis.  * 

As  regards  the  osteology  of  the  head,  the  resemblance  is 
exceedingly  close  between  Megalichthys  and  the  Old  Red 
Saurodipterines,  as  is  at  once  evident  on  comparing  the  figure 
of  the  head  of  Megalichihys  given  by  Agassiz  *  with  those  of 
Osteolepia  given  by  himself,  by  Hugh  Miller/  and  by  Pander. 
It  is  not  within  the  scope  of  the  present  paper  to  enter  into  a 
minute  or  even  a  general  account  of  Saurodipterine  cranial 
osteology;  a  few  points  may,  however,  be  conveniently 
alluded  to. 

1.  The  polygonal  plates  covering  the  ethmoidal  region  be- 
tween the  froutals  and  the  pr^maxilhi:  are  often  more  or  less 
distinct  in  Majalichihys,  as  in  small  specimens  of  Oateolcpw ; 
often  they  are  fused  with  each  other,aiid  witlitlie  adjacent  bones 
named  above,  as  seems  always  to  be  the  case  in  Piploptents. 

2.  Though  Agassiz  made  a  singular  mistake  Avitli  regard 
to  the  nasal  openings  of  Megalichthys,  lie  was  perfectly 
correct  in  rec(^nising  the  anterior  position  of  the  orbit,  and 
in  assigning  to  it  a  situation  exactly  correspouding  to  that  in 
Oxtcvhpis,      rroffSi,,:-  Vi> 
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opportunity  of  examining  the  specimen  in  question,  and 
though  I  find  that  on  one  side  there  is  in  the  position  in- 
dicated a  triangular  space  formed  by  a  displacement  of  the 
adjacent  cheek-plates,  I  fail  to  see  how  it  can  be  interpreted 
as  an  orbit,  whOe,  on  the  other  hand,  the  position  of  the 
real  orbit  can,  I  think,  be  readily  enough  recognised  in  the 
place  where  we  would  expect  to  find  it, 

3.  I  have  not  seen  in  any  specimen  of  McffalidUhys  the 
foramen  which  occuis  between  the  frontal  bones  in  Oslcolepis 
and  Diplopterus. 

4.  Although  omitted  in  Miller's  and  Pander's  figures, 
lateral  jugular  platea  are  undoubtedly  present  in  Osteolepis 
and  Diplopterus,  as  well  as  in  Megalichthys. 

The  microscopic  structure  of  the  teeth  of  the  Old  Ked 
Sandstone  Saurodipterines  is  not  yet  fully  elucidated  ;  so  far, 
however,  as  external  shape  goes,  there  is  notliing  of  suihcient 
importance  to  exclude  Megalichthys  from  the  group. 

Then  as  regards  the  fins.  The  Saurodipterini  have 
obtusely  lobate  pectoral  and  ventral  fins,  two  narrow  dorsals, 
one  similarly  shaped  anal,  and  a  caudal  which  may  be 
heterocercal  (Osteolepis)  or  diphycercal  (Diploptenis).  Tri- 
plopterus  of  M'Coy,  supposed  by  him  to  have  only  one  dorsal 
fin,  is  a  genus  which  is  really  non-existent,  as  it  was  founded 
on  a  specimen  of  Osteolepis,  compressed  in  such  a  manner  as 
to  show  both  ventral  fins,  one  of  which  was  mistaken  for  the 
single  dorsal.  The  dorsal  fins  vary  in  position  in  Osteolepis 
and  Diploptenis,  being  in  the  latter  opposite  the  ventmls  and 
anal  respectively,  while  in  Osteolepis,  the  first  dorsal  is  in 
advance  of  the  ventrals,  and  the  second  opposite  the  apace 
between  the  ventrals  and  the  anal.  Now  we  liave  already 
Been  that  the  lobate  form  of  the  pectoral  in  Megalichthys 
Hihberti  was  not  unknown  ;  it  is  noticed  by  Mr  Ward,*  and  was 
indeed  incidentally  alluded  to  long  before  by  Agassiz^  him- 
self in  describing  what  he  supposed  to  be  the  ventral  fin  of 
Glyptolepis,  but  which  was  in  reality  a  portion  of  the 
pectoral.*  A  specimen  from  the  coal-measures  of  Dalkeith, 
in  the  Edinburgh  Museum  of  Science  and  Art,  shows  also  very 

'  hoc.  eit.  '  PoisBona  FowileB  du  Ticux  Grea  rouge,  p.  63. 

'  Puider,  op.  cif,,  {I,  lis  ;  Huxley,  op.  cU.,  p.  7. 
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clearly  the  obtnse  scaly  central  lobe  with  its  fringe  of  fin 
ray& 

As  regards  the  other  fins,  their  number  aiid  position  are 
clearly  shown  in  a  specimen  from  the  coal-measures  of 
Airdrie,  I^narksbire,  in  the  British  Museum.  There  are  two 
posteriorly  situated  dorsal  fins,  vhicli  are  placed  as  iu  JHplo- 
pterus,  tlie  first  opposite  the  ventrals,  the  second  very  nearly 
opposite  the  anal.  Part  of  the  caudal  is  shown,  but  it  is 
unfortunately  not  in  a  very  perfect  condition. 

The  best  display  which  I  have  seen  of  the  hns  of  Megal- 
ickthys  is,  however,  in  tlie  specimens  from  Burdiehouse,  which 
form  the  special  subject  of  the  present  communication. 

No  doubt,  in  applying  the  name  MegaHchthys  Ifibbcrti  to 
the  specimen  at  Leeds,  Agassiz  believed  that  he  hod  before 
him  the  bead  of  the  same  species,  wliose  rhombic  enamelled 
scales  he  had  previously  seen  from  Bunliehouse  at  the 
Edinburgh  meeting  of  the  British  Association :  there  was 
not  indeed  material  at  tlie  time  for  deciding'  otherwise.  But 
the  Burdiehouse  Megalichlhys  ia  now  repre^'nted  by  more 
than  a  few  detached  scales  and  bonen,  the  entire  contour  of 
the  fish,  the  arrangement  of  the  fins,  and  many  details  regard- 
ing the  bead  being  displayed  in  specimens  in  the  Edinburgh 
Museum  and  in  other  collections.  Now,  there  are  certain 
points  which  satisfy  me  pretty  fully  that  the  Burdiehouse 
fish  is  different  specifically  from  the  common  cuil-nicasure 
form  of  which  the  head  at   LcL-da  la  iW  tvi 
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whicli  may  be  noticed  is  one  in  the  Edinburgh  Museum 
(Hugh  Miller  Coll.),  which  is  pretty  entire  though  small  (PI. 
rv..  Fig,  1),  It  measures  lOf  inches  in  length,  though  it  must 
be  noted  that  the  rays  of  the  caudal  fin  are  somewhat  frayed 
and  broken  at  their  extremities :  the  greatest  depth  of  the  body 
is  IJ  inch;  the  length  of  the  badly  preserved  head  is  2g 
inches.  The  pectoral  fin  is  not  shown,  but  all  the  others  are, 
though  perhaps  not  in  so  complete  a  state  of  preservation  as 
might  be  wished.  There  are  two  dorsal  fins,  of  which  the 
anterior  one  is  the  smaller,  and  commences  6^  inches  from 
the  front,  while  the  second  arises  1 J  inch  further  back.  The 
ventral  arises  opposite  a  point  rather  behind  the  origin  of  the 
first  dorsal,  while  opposite  the  second  dorsal  is  an  anal  fin 
of  moderate  size,  but  whose  rays  are  unfortunately  rather 
broken  up.  The  caudal,  is  pretty  well  shown,  but  not  so  well 
as  in  the  next  specimen,  in  which  the  form  of  the  tail  and  of 
the  second  dorsal  and  anal  are  exceedingly  well  displayed. 
Fig.  2  represents  the  caudal  extremity  of  this  specimen, 
which  is  14  inches  in  length,  but  originally  it  must  have  been 
considerably  longer,  as  it  wants  the  head,  and,  I  should  imagine, 
also  a  good  bit  of  the  body.  The  caudal  fin  here  shown  may 
be  said  to  be  somewhat  intermediate  between  the  diphycer- 
cal  and  heterocercal  types,  at  least  it  is  not  quite  so  hetero- 
cercal  as  that  of  Osleolepis,  and  in  general  form  reminds  us 
of  that  of  Tristickopierus.  Eays  arise  from  both  the  upper 
and  lower  margins  of  the  body-continuation,  hut  those  of  the 
lower  side  commence  in  advance  of  those  of  the  upper. 
After  the  commencement  of  the  rays,  the  upper  mai^in  of 
the  body-prolongation  slopes  very  little  downwaids,  while  on 
the  other  hand  the  lower  one  slopes  very  rapidly  upwards, 
the  two  margins  then  converge  to  a  point  which  is  lost  among 
the  fin-rays,  the  scaly  covering  being  lost  at  this  part  The 
posterior  margin  of  the  fin  slopes  obliquely  upwai-ds  and 
backwards,  the  greater  number  of  the  rays  arising  from  the 
lower  aspect  of  the  body  prolongation,  while  the  apex,  cut 
oil'  in  the  specimen,  would  seem  to  be  foi-med  by  rays  arising 
from  the  upper  or  dorsal  side  of  the  axis. 

On  the  dorsal  aspect  of  the  specimen,  and  just  in  front  of 
the  caudal,  is  the  second  or  posterior  dorsal  fin.    The  anterior 
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margin  of  tliis  fin  measures  2}  inches  ;  it  Iiaa  a  Danow  scaly 
base,  and  expands  somewhat  distally ;  its  apex  ia  bluntly 
pointed.  Opposite  this,  upon  the  ventral  aspect,  is  the  anal 
tin,  of  the  same  length,  but  rather  more  lanceolate  la  shape. 

The  pectoral  flns  arc  wull  shown  in  a  specimen  in  my  own 
collection;  they  are  sliort  and  obtusely  rounded,  with  an 
obtuse  basal  scaly  lobe  fringed  with  rays.  The  lobatioa  of 
the  veutrals  aeems  to  be  not  quite  so  marked. 

All  these  fins  are  com]X)5ed  of  numerous  closely  set  rays, 
divided  by  very  close  transverse  articulations,  except  quite 
at  their  proximal  extremities,  which  arc  covered  by  the  scales 
of  the  body;  they  dichotomise  tiiwHnls  tlieir  extremities, 
and  their  free  surfaces  are  brilliantly  ganoid  ond  punctated 
like  the  scales. 

SccUea. — The  scales  present  the  same  api>earance  externally 
as  in  M.  H-ihberti,  and  are  not  to  my  eye  distinguishabla 
Their  internal  surfaces  are  seldom  seen,  and  appear  some- 
times furnished  with  the  prominent  keel  seen  in  M.  llihbertit 
while  in  other  instances  this  appears  to  bo  absent. 

Vertebral  Column. — A  specimen  in  the  ^Museum  of  Science 
and  Art  shows  the  presence  of  ring-shaped  vertebral  centra 
as  in  M.  Hibberli. 

Head. — Fig.  3  represents,  reduced  in  size,  a  veiy  instructive 
)iead  iu  the  Hugh  Miller  Collection,  in  whicli  tlie  cranial 
shield  is  very  well  shown.  This  is  as  usual  divided  across 
into  two  portions,  an  anterior  or   frouto-ethmoidal,  and  a 
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the  direction  of  the  former  across  tlie  posterior  part  of  the 
parietal,  from  the  outer  margin  to  about  the  middle  of  the 
bone,  whence  the  other  leg  then  diverges  outwards  and 
backwards  towards  the  posterior  margin.  These  grooves  in 
Ostcolepis  were  supposed  by  Pander '  to  indicate  the  original 
presence  here  of  elements  equivalent  to  the  transverse 
aupra-temporal  chain  in  Polyptcrus,  but  a  careful  examination 
of  the  uuder  surface  of  Saurodipterine  cranial  shields,  show- 
ing the  sutures  and  centres  of  ossification,  proves  that  this  is 
not  the  case,  and  that  the  grooves  in  question  are  mere 
superficial  markings.  The  supra-temporals  are,  according  to 
my  interpretation,  represented  in  this  family  and  in  allied 
forms  by  the  three  plates,  one  median  and  two  lateral,  which 
lie  immediately  behmd  the  shield,  and  whicli  are  lettered  by 
Professor  Huxley  in  Glyptolcemus  as  supra-occipal  and 
epiotica.*  The  anterior  or  fronto-ethmoidal  part  of  the 
shield  in  this  specimen  has  its  constituent  elements  com- 
pletely anchylosed,  so  that  not  even  the  frontals  are  sepa- 
rately recognisable.  On  each  aide  the  margin  is  slightly 
excavated  for  the  upper  boundaiy  of  the  orbit ;  the  anterior 
margin  is  convex  and  expanded  to  form  the  rounded  snout : 
the  nasal  openings  are  not  visible,  The  whole  surface  of  the 
buckler,  besides  the  minute  punctation  of  the  glittering 
enamel,  is  covered  with  small  scattei'ed  I'ounded  openings, 
apparently  the  orifices  of  "  mucous  "  ducts. 

The  posterior  part  of  the  cranial  .'shield,  detached,  is  well 
shown  in  another  specimen.  This,  when  compared  with  the 
corresponding  part  in  M.  Hibherti,  shows  the  same  greater 
proportional  breadth  In  front  seen  in  the  last  described  ex- 
ample, but  the  sutures  between  its  six  constituent  bones — 
viz,,  the  paired  parietals,  squamosals,  and  posterior  frontals 
— are  distinctly  marked ;  and  the  slime-canal  apertures, 
similarly  scattered  over  the  surface,  are  very  much  smaller. 
The  peculiar  grooves  on  the  posterior  part  of  the  shield, 
alluded  to  above,  are  also  here  so  slightly  marked  as  to 
requite  a  lens  for  their  definition. 

'  Op.  dt.,  p.  11. 

'  Op.  dl.,  p.  2,  Fig.  2.  Oil  lliU  subject  see  my  memoir  on  TrUtichoplcnu 
aUOv*  (Truui.  Key.  Soc.,  Edinb.,  vol  xxvii.,  1S75.  p.  3S6). 
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Returning  to  the  fonncr  heail  (Fig.  ^),  we  find  that  though 
the  operculars  are  gone,  and  most  of  tlie  other  superficial 
bones  fractured  and  badly  aeon,  the  maxilla  and  mandible 
occupy  tlieir  positions.  The  Moj-illn  (»»,'.),  the  anterior 
portion  of  wtiich  in  deficient  in  thi.'i  specimen,  at  once  at- 
tracts attention  by  its  narrow  shape.  It  is  shown  in  ita 
entirety  in  the  epecinien  represented  in  Fig.  4,  when  it  ia 
seen  to  differ  from  that  of  M.  ITiblifHi  in  the  much  smaller 
depth  of  its  posterior  expanded  portion,  that  being  contained 
4J  times  in  its  length,  wliereas  in  tliat  s]iecies  it  is  only  con- 
tained about  3  times.  The  same  fact  lioing  o))acrvah]e  in 
two  separate  specimens,  it  cannot  be  looked  upon  as  a  mere 
accidental  variety  in  shape. 

The  mandib/e  (Fig.  5)  seldom  r-xliilnts  the  oblique  groove,  in- 
dicating the  original  separation  oftliedentiiiyeli'ment,  which  is 
so  of  ten  observed  in  M.  Hibbcrli.  Jugular  jilates  were  present: 
principal  (Fig.  G),  median,  And  Intirn/ ;  but  these  do  not  call  for 
any  special  comment,  nor  tlo  the  operculur  hones,  which  are 
sometimes  found  detached,  and  exhibit  the  ordinarj'  shape. 

The  teeth  are  seldom  seen ;  when  vi.-il)l('  they  appear 
rather  smaller  in  proportion  tlian  in  ^f.  J/iUfiii,  though  of 
the  same  general  appearance. 

The  scales  and  superficial  bones  of  tlie  head  have  their 
free  surfaces  covered  with  a  layer  of  smooth  and  brilliant 
ganoine,  which  under  a  lens  shows  a  minute  punctation  quite 
similar  to  that  in  M.  Hibberti. 


Mr  BalijleiBh  an  Birds  and  Eijifsfroin  Central  Umgwxy.     77 

icIUhys  laticeps.  Possibly  its  remains  may  include  those  of 
Diplopterus  Rdbertsoni  (Ag,),  said  to  be  also  from  BunJiehonse, 
but  as  tbia  is  a  mere  MS,  name,  to  the  original  of  which  there 
is  now  no  clue,  it  must  be  simply  cancelled. 

Its  remains  are  for  the  most  part  considerably  smaller  than 
those  of  the  coal-measure  species,  though  patches  of  scales 
occur  showing  that  it  sometimes  attained  a  size  nearly  as  great. 

The  fact  that  this  species,  of  Calciferous  Sandstone  age, 
is  distinct  from  any  yet  found  in  the  Coal-measures,  is  in 
accordance  with  the  result  of  all  my  experience  in  the 
domain  of  British  carboniferous  ichthyology ;  uamely,  that 
very  few  species  of  Ganoids  are  common  to  the  strata  above 
and  below  the  Millstone  grit.  Aa  regards  McgcUiehihya,  how- 
ever, it  must  also  he  mentioned  that  its  scattered  remains  are 
also  nob  uncommos  in  the  estnarine  beds  of  the  Scottish 
Carboniferous  Limestoue  Series,  but  as  yet  I  have  seen  no 
specimens  on  which  any  secure  determination  of  species  can 
be  founded. 


Explanation  of  Plate  IV, 
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Fig,  1.  Mtgalichihyt  laticeps  (Traq.),   en  tiro  specimen,  rednead  :  original, 
10)  inches  in  length.     Hugh  Miller  Collection. 

Fig.  2.  Hinder  extremity  of  another  a|)ecinien,  showing  tha  aecond  dorsal, 
and,  Hnd  eaudal  Sns  ;  Tedttcod  one-half. 

Fig.  3,  Head  of  another  specimen  shoning  the  cranial  buckler,  maKilU, 
and  mandible  r  reduced  more  than  one-fourtli.     Hugh  MiU«r  Collection. 

Fig.  4.   Maxilla,  from  another  head  :  natiiml  si:te.    Hugh  Miller  Collection. 

Fig.  li.  MnDitible,  reduced,  and  placed  upright  to  save  sjiace  :  original, 
i\  inches  in  length. 

Fig.  0.   rrincipnl  jugiilii  jilate.  reduced  ;  original,  i,\  inches  in  length. 


IV.  Notes  Oil  a  Second   Collection  of  Birds  and  Eggs  from 
Central  Uruguay.     By  John  J.  Dalgleish. 

(Read  ISth  March  1681.} 

Since  my  former  notes  on  this  subject  were  published  in 

the  Proeeedings  of  the  Society,'  I  have  received  from  my  cor- 

I  I'roc.  Koy.  Phya.  Soc,  i\.,  p.  232. 


7S  Proctedivgs  of  the  Boyal  Phijaical  Society. 

respondent  in  the  Banda  Orientiil  a  further  collection  of  ^gs, 
accompanied,  as  previously,  by  the  skins  of  the  parent  birds, 
and  for  the  identification  of  the  hitter  I  am  a^ain  under  obli- 
gation to  Mr  Sclater.  Contiiiuin<{  the  numbers  from  my 
former  paper,  they  are  as  follows : — 

25.  Tinnunculus  eintutmominns,  Sw. — native  name  "  Hal- 
con," — ^This  ia  a  southern  form  of  T.  sparreriiu,  the  American 
Kestrel,  which  latter  is  found  thruughout  the  whole  of  North 
America,  but  is  replaced  by  tlie  present  species  throughout 
the  southern  division  of  that  Continent  from  the  Straita  of 
Magellan  to  Nev  (iranada,  the  States  of  Venezuela  and 
Guiana  excepted.  T.  einnamominiis  differs  in  plumage  from 
the  typical  T.  ^arvtrivs  chiefly  by  tlie  want  of  the  rufous 
patch  on  the  crown  in  both  sexes,  which  part  in  tlie  former 
species  is  of  a  slatey  grey  colour.  Another  distinguishing 
mark  of  the  present  species  is  the  less  avGra<;c  depth  of  the 
black  subterminal  bar  on  the  tail  of  the  udult  male.  In 
habits  it  somewlmt  resembles  our  common  k(.>3trel,  especially 
in  the  habit  which  has  gained  for  the  latter  the  name  of 
"windhover."  In  flight  it  is  very  rapid,  nbiKist  equalling 
that  of  a  pigeon.  It  is  particularly  destructive  to  {wultry, 
and  the  specimen  sent  me  was  killed  in  the  act  of  carrying 
ofT  a  young  turkey.  Its  food  otlieruiNe  consists  of  mice  and 
small  birds,  and  Gibson  has  known  it  to  ff('<l  uii  locusts  in 
Buenos  Ayres.  It  is  resident  at  Tala,  thougli  mi<j!ratory  in 
the  Argentine  Republic. 
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Republic  northwards  as  far  as  Mexico.  It  frequents  country 
districts  and  populous  towns,  as  Buenos  Ayres,  alike.  It  is 
very  like  the  purple  martin  {I',  purpurea),  but  differs  in  the 
hue  of  the  under  plumage  and  also  in  its  breeding  habits. 
It  is  familiar,  noisy,  and,  in  the  season  of  courtship,  pug- 
nacious. Its  cry  on  approaching  the  nest,  off  which  it  flies 
at  once,  is  loud  and  startled,  but  at  other  times  they  have  a 
rather  sweet  and  pleasing  song,  which,  after  the  breeding 
season  is  over,  they  often  sit  and  utter  in  a  low  tone  on  the 
top  of  an  Ombu  tree  or  a  telegraph  wire.  They  are  fond  oi' 
sailing  in  circles,  particularly  in  a  high  wind.  They  arrive 
at  Tala  in  October,  and  leave  in  April. 

Clutch  of  four  eggs,  taken  ,7th  November  1880,  from  a  nest 
placed  under  the  eaves  of  a  shed  at  Tala,  the  largest  of  \vhich 
measures  M  "  H  'wh,  the  smallest  fS  "  -H  i"'^''-  "^^^1  are 
of  a  pyriform  shape,  and  pure  white  colour ;  occasionally  five 
e^s  are  laid. 

The  nest  is  generally  placed  in  chinks  in  walls  or  under 
the  eaves,  and  sometimes,  as  found  by  Bartlett  in  Peru,  in 
boles  in  trees.  Wheu  the  entrance  to  tlie  hole  is  too  large, 
it  sometimes  closes  it  so  far  with  mud  and  straw.  The  lining 
of  the  above  neat,  and  wliich  was  sent  with  the  eggs,  consists 
of  paca,  a  sort  of  grass.  Sometimes  lichens  are  used  for  the 
purpose.  It  generally  resorts  to  the  same  breeding  places 
annually. 

27.  ChloTostilbon  splendidus  (Vi ell.)— native  name  "  Pica- 
flor." — This  the  only  species  of  humming-bird  found  at  Tala 
seems  to  be  confined  to  Bolivia,  Southern  Brazil,  the  Argen- 
tine Kepublic,  and  Uruguay.  Although  possessing  somewhat 
of  the  l>eautiful  metallic  lustre  common  to  the  family,  it  may 
be  said  to  be  rather  unassuming  in  plumage.  They  are 
generally  found  near  flowers,  on  whose  sweets  they  live.  In 
the  Argentine  Eepublic  they  feed  greatly  on  those  of  the 
ceiba  tree.  Durnford  mentions  having  found  fragments  of 
minute  caleopiera  in  the  stomach  of  one  which  he  bad  dis- 
sected. They  are  common  at  Tala,  and  migratory,  arriving 
in  September  and  leaving  in  April,  although  a.  stray  specimen 
has  been  observed  in  winter.  They  are  said  to  have  a  sweet 
little  Bong  when  hovering  over  the  flowers  to  which  they 


80  Proceeding*  o/tht  Roi/nl  Phifsieal  Socittjf. 

resort.    They  are  occasionally  tamed  as  pets,  and  my  corre- 
spondent saw  a  pair  in  a  oa^'e  at  Monte  Video. 

Clutch  of  two  c'^i,  taken  l^ntli  November  1880,  from  a 
nest  placed  inside  of  a  slie<l  in  Tida  •^'arden.  Another,  also  of 
two  t^'^A,  taken  in  same  .slied  on  1 1  tli  December  1880.  These 
are  all  of  the  same  dinicuiiioiix,  viz.,  jq  "  jjf  inch,  of  as  elon- 
gated ovate  sliapc  and  pure  white  colonr. 

Iloth  of  the  above  iiusts  were  sent  along  with  the  eggs. 
The  first  of  these  is  a  l>enntilul  little  structure,  formed  of  a 
few  straws,  lichens,  and  a  material  resemhlin^;  palm  fibre 
and  lined  with  a  white  cottony  snlistance,  possibly  the  cat- 
kins of  some  plant.  It  is  U  indi  in  external  diameter,  1 
inch  across  the  cavity,  and  l  of  an  inch  ilt-ep.  The  second 
nest,  although  alike  in  size  and  shape,  dill'ors  in  wanting  the 
white  lining  and  in  containing  some  tine  grass  and  hair  in  its 
composition.  The  nust  is,  its  in  the  above  instances,  aome- 
times  built  in  sheds  and  suiaetinu-s  in  tix'e:^.  In  the  latter 
case  it  is  not  placed  above  but  suijj)ended  below  a  branch. 
Sometimes  it  is  placed  low,  at  other  times  at  some  height 
above  the  groand,  and  great  care  sei-ms  to  be  taken  to  assimi- 
late the  colour  of  the  materials  in  the  situation  the  nest  is  to 
occupy.     They  "hum"  wliile  engagL'<l  in  Ijuihlin;;. 

28.  Sj/nallaTis  striatieeps  (Lafr.  et  d'Orb.). — The  name  of 
"  Ratonero,"  or  little  mouse,  is  applied  tu  this  s]>ecie8  in 
common  with  some  others,  probably  fnmi  their  retiring  habits. 
It  is  found  in  Bolivia,  the  Argentine  I!L'i)iibIic,  Uruguay,  and 
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fibrous  lichen,  not  unlike  that  occasionally  found  in  the  Scot- 
tish Highlands  gi'owing  on  very  old  birch  trees.  It  ia  lined 
with  a  fevf  feathers,  and  was  found  in  a  wood  near  Tala. 

29.  Troglodytts  Jurims  (Gm.)— native  name  "  Eatoncito," 
another  form  of  the  diminutive  term  for  a  mouse.^This  is  a 
noisy,  restless  bird,  somewhat  resembling  our  common  wren 
in  appearance,  as  well  as  in  its  song  and  actions,  although 
not  so  retiring  in  its  habits.  It  occurs  from  Nicaragua  down 
through  South  America  to  Patagonia,  where  it  was  observed 
by  Durnforcl.  It  has  usually  an  angry  harsh  note,  but  has 
also  a  rather  pleasing  song,  which  it  pours  forth  from  the  top 
of  a  bush,  an  aloe  leaf,  or  even  the  top  of  a  house.  It  is 
familiar  and  fearless,  and  comes  into  houses.  Gibson 
narrates,  that  on  one  occasion  he  was  sitting  reading  in  the 
house,  when  one  entered  by  the  window,  and  actually  alighted 
on  the  book  he  was  reading,  and  rested  there  for  a  few  seconds. 

Clutch  of  three  eggs,  taken  20th  November  1880,  from  a 
nest  placed  in  the  thatch  of  a  house.  Another  clutch  of 
three  eggs,  taken  from  a  similar  situation  11th  December 
1881.  These  average  |-g  x  H  '"<^''  i"  size,  the  largest  being 
1^  X  ^4  iiich,  the  smallest  -fS  x  l-J  inch.  They  vary  much  in 
markings  as  in  size.  The  ground  colour  is  white,  which  is 
minutely  freckled  with  pinkish  red  spots,  with  a  few  lilac 
ones.  Sometimes  the  spots  are  confluent  towards  the  large 
end  forming  a  zone,  the  markings  running  into  each  other. 
The  shape  is  a  somewhat  round  oval.  The  nest  is  placed  in 
various  situations,  sometimes  in  a  bole  in  a  tree,  when,  if  the 
hole  is  large,  some  twigs  are  used,  but  situations  are  often 
chosen  like  those  adopted  by  the  blue  titmouse,  such  as  the 
roof  of  a  bam,  the  rose  of  a  watering  can,  the  sleeve  of  an 
old  coat,  or,  as  in  this  instance,  under  the  thatch  of  a  house. 
Its  breeding  season  varies  from  the  20th  October  to  the 
middle  of  January.  The  nest  sent  with  the  first-mentioned 
clutch  of  eggs  is  formed  chiefly  of  horse  hair  and  a  few  roots, 
and  plentifully  lined  with  feathers  of  the  domestic  fowl 

30.  Anthus  co-n-endera  (Viell.) — native  name  "  Chachila." 
— This  species  is,  like  the  last,  widely  distributed  throughout 
South  America,  from  New  Gmnada  to  the  Straits  of  MageUau, 
and  it  is  also  found  in  the  Falkland  Islands.     It  is  very  like 
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our  common  meadow  pipit,  indeed  Latham  considers  it  a 
variety  of  that  species.  It  is  found  both  in  marshy  and  dry 
ground.  They  sing  in  the  air,  ascending  nearly  verticaUy, 
and  again  like  our  pipit  descending  with  outspread  vinga. 
They  are  so  tame  as  often  to  l>e  struck  down  by  the  whips  of 
the  rough  native  carters.  They  vary  in  shade  of  colour 
apparently  according  to  the  sort  of  soil  on  which  they  are 
found.     They  are  plentiful  at  Tala,  and  do  not  migrate. 

Clatch  of  three  e^s,  taken  1st  November  1880.  Another 
of  four  eggs,  taken  23d  October  1881,  both  from  nests  placed 
on  the  ground.  They  measure  from  |^  x  j^  inch  to  -}  j  x  {f 
inch.  In  shape  and  size  they  are  very  similar  to  those  of 
the  mctadow  pipit.  The  ground  colour  is  white,  and  they  are 
spotted  more  or  less  with  olive  brown  or  reddish  brown, 
sometimes  minately,  at  other  times  the  markings  are  bolder. 

The  nest  is  not  so  neatly  formed  as  that  of  the  meadow 
pipit,  and  more  resembles  that  of  a  lark,  the  grasses  of  which 
it  is  formed  being  coarse  and  loosely  put  together. 

31.  Serpophaga  suherittata  (Viell.). — This  species  of  fly- 
catcher is  found  in  Brazil,  Bolivia,  the  Argentine  Republic, 
and  other  States  bordering  upon  the  Iliver  Plata.  It  is  not 
very  common  at  Tala,  but  remains  througliout  the  year. 
Retiring  in  habits,  it  is  also  wanting  in  vocal  power,  having 
no  song.  Its  food  consists  chiefly  of  insects,  which  it  picks 
off  the  bark  of  trees  as  it  runs  up  their  sides.  It  occasionally 
goes  in  company  with  Sycalia  arvensis. 
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rinche,"  also  "  Brasa  de  fuc^o  "  (coal  of  fire) ;  in  Colombia  it  is 
called  Sangre  de  toro  (bull's  blood),  and  in  the  Argentine  Ee- 
public  "  militario  "  (soldier). — All  these  names  have  reference 
to  the  bright  and  brilliant  plumage  of  this  bird,  which  is  said 
to  catch  the  eye  at  a  distance  of  100  yards.  It  is  found 
throughout  South  America  except  in  the  extreme  south ;  it 
occurs  in  the  island  of  Trinidad ;  and  a  sub-species  is  found 
in  Mexico.  It  is  common  at  Tala  in  summer.  Its  ilight  is 
rapid  and  short,  and  in  habits  it  resembles  our  spotted  fly- 
catcher. Its  song  is  sweet,  and  is  often  heard  at  night.  Its  food 
consists  of  insect.?.  It  is  migratory  at  Tala,  arriving  iu  October. 
The  old  ones  leave  in  January  so  soon  as  the  young  are  able 
to  feed  themselves,  but  the  latter  nearly  three  months  later. 

Clutch  of  three  eggs,  taken  14th  December  1880,  from  a 
nest  in  a  tree.  Another  also  of  three  eggs,  taken  16th 
November  1881,  from  a  nest  placed  in  the  garden  hedge  at 
Tala,  3  feet  off  the  ground.  These,  with  other  egga  from  the 
same  locality,  average  in  size  J^ "  -jj  inch,  the  largest 
meaauving  |§  x  fj  inch,  the  smallest  H  "  -H  Vich.  They  are 
of  a  brownish  buif  colour,  strongly  marked  with  a  zone  of 
dark  brown  spots  near  the  large  end,  and  they  have  been 
well  likened  to  heavily  spotted  miniatures  of  the  eggs  of  the 
common  tern.     Their  shape  is  a  round  oval. 

The  neat  is  neatly  built,  is  formed  of  much  the  same 
materials  as  that  of  Sei-pophaga  siAcristata,  and  is  beautifully 
felted.  It  contains  a  good  deal  of  horse  hair,  and  is  lined 
with  feathers.  The  specimen  sent  measures  2-}  inches  across 
the  top,  and  2  inches  across  the  cavity,  which  is  1^  inch 
deep.  The  female  is  the  sole  builder  of  the  nest.  Though 
seldom  more  than  4  or  5  feet  off  the  ground,  and  usually 
built  in  exposed  situations,  it  is  difficult  to  find,  from  the 
bird's  skill  in  harmonising  it  in  colour  with  its  surroundings. 

33.  Tyrannus  melaneJiotivus,  Viell.  —  This  flycatcher  is 
found  throughout  South  America,  from  Colombia  and  Vene- 
zuela as  far  south  as  the  Argentine  Republic,  It  also  occurs 
in  Honduras,  and  the  West  India  Islands  of  Trinidad  and 
Grenada.  In  Colombia  it  has  been  found  at  an  altitude  of 
9000  feet  At  Tala  it  is  resident  but  not  plentiful  It  is 
foond  alike  in  the  woods  and  gardens,  iu  the  latter  of  which 
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it  IB  occasioDally  destructive  to  tliu  Huuii  Iteds.  It  is  rather 
solitary  in  habits,  and  is  fond  of  percliing  alone  on  tree  tops, 
hence  no  doubt  the  name  meluiu^AoHtu*.  It  frequents  the 
neighbourhood  of  houses  in  winter,  [>ii,-kin<;  up  any  morsels 
which  may  come  in  its  way.  Its  tbud  cuusists  otherwise  of 
insects  and  seeds. 

Clutch  of  two  eggs,  taken  29th  Novciiilier  188U,fromaiiest 
placed  on  the  ground.  These  measure  respectively  -Ji  » {[-^ 
inch  and  H'^'ili  i^aoh.  The  eg<;  is  of  an  elongated  oval, 
with  a  white  ground  streaked  luiigitudinnlly  with  brown  and 
greyish  lilac  marklags.  It  is  figured  in  tlie  Il/is,  1859,  PL 
v.,  page  121.  The  nest  is  usually  ]>1a(;ed  in  a  low  fork  of  a 
tree,  but  in  this  case  it  was  on  the  ground.  It  is  formed  of 
coarse  grasses,  roots,  or  vine  tendrils,  ami  a  few  pullets  of 
wool,  and  is  lined  with  fine  grasses  ami  horse  hair.  It 
measures  four  inches  in  external  dianioter,  2A  inches  acroaa 
the  cavity,  and  1}  inch  in  depth. 

34.  Syadia  arvensis  (KittL)  —  native  name  "  Canaria." — 
This  finch  is  found  from  Colombia  to  Chili  and  tlie  Argentine 
Republic.  It  goes  much  in  flocks  in  the  ojk'u  in  the  campo 
or  plains,  but  after  the  breeding  season  ia  over  it  uften  aita 
in  trees  all  dny  singing  and  twittering.  It  lives,  like  other 
finches,  chiefly  on  seeds.  At  Tala  it  is  migratoiy,  arriving  in 
October  and  leaving  in  March. 

Clutch  of  five  eggs,  taken  29t)i  November  18.SU.  Another  of 
four  eggs,  taken  on  same  date.      These  vary  in  size  from 
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where  the  woods  abound  with  its  large  nests.  It  affords 
excellent  eating.  It  is  a  very  noisy  bird,  but  in  captivity 
becomes  quite  tame  and  can  be  taught  to  speak.  Dr 
Cbristison  tells  me  that  Dona  Finninia,  wife  of  one  of  the 
native  Peons,  had  one  whose  language,  although  generally 
unfit  for  polite  society,  was  often  made  use  of  in  a  singularly 
appropriate  manner.  Once  when  an  eagle  was  hovering 
over  him,  he  looked  up  at  it  with  cool  contempt,  confident 
in  the  presence  of  hia  mistress,  and  exclaimed,  "  Puta  che 
pario,"  or,  "  Your  mother  is  no  better  than  she  should  be." 
Although  not  imagining  for  a  moment  that  the  bird  knew 
the  meaning  of  the  words,  Dr  Christison  thinks  it  not  im- 
probable that  he  knew  it  to  be  a  term  of  reproach.  He  was 
fond  of  chasing  the  dogs  away  by  calling  out  "  fuera,  fuera," 
adding  their  name,  and  it  is  curious  that  he  never  mistook 
one  dog  for  another.  Mr  Gibson  related  to  me  a  curious 
occurrence  which  took  place  at  his  residence  in  the  Argentine 
Kepublic,  when  a  lai'ge  cluster  of  their  nests  iu  the  woods 
having  been  pulled  down,  an  enormous  flock  of  them 
appeared  in  the  garden  next  day  and  broke  over  the  whole 
of  the  young  branches  of  the  fruit  trees,  completely  destroy- 
ing all  prospects  of  fruit  for  that  year.  If  not  an  act  of 
revenge  on  their  part,  it  was  certainly  a  curious  coincidence. 
The  species  is  stationary  at  Tala. 

Clutch  of  three  eggs,  taken  14th  November  1880,  from  a 
nest  in  a  tree.  These  with  eight  in  my  collection  from  the 
Argentine  Republic  are  in  average  measurcmeut  l^V  ■<  S5 
inch,  the  largest  which  is  from  the  latter  locality  measuring 
li%  xf^  inch,  the  smallest  being  from  Tala  and  measuring 
^A  "  a  inch.  They  are  of  a  dull  white  colour  and  pointed 
at  each  end,  somewhat  resembling  the  egg  of  the  grebe  in  this 
particular.     Seven  or  eight  eggs  is  a  not  uncommon  clutch. 

The  nests  are  large  structures  suspended  and  woven  into 
the  extremity  of  the  branches  of  trees  about  ten  to  fifteen 
feet  off  the  ground.  They  are  formed  of  sticks  and  thorny 
twigs,  an<i  every  year  the  bii'ds  add  to  their  size.  They  are 
usually  placed  ia  the  woods  at  a  distance  from  houses,  and 
three  or  four  or  sometimes  a  dozen  pairs  frequent  one  series 
of  neats.     Each  division  of  the  nest  occupied  by  a  pair  con- 
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ma\s  of  two  chambers,  with  the  entrance  usually  underneath. 
The  nests  are  frequented  all  the  year.  Although  not  gene- 
rally using  other  than  the  above-named  materials,  occaeionally 
they  are  not  particular,  as  the  following  will  show.  Two 
children  of  a  native  Peon  having  died  were  put  in  cofBns, 
and  as  is  the  strange  custom  among  that  race,  were  laid  on 
the  ground  at  the  foot  of  a  tree  in  a  wood.  At  the  end  of  a 
year  the  father  went  in  company  with  a  son  of  my  collector 
to  place  the  bones  in  a  small  box  for  final  interment  In 
doing  this  he  quite  unconcernedly  cut  off  some  pieces  of  skin 
and  flesh  which  remained  on  the  bones  and  cast  them  aside. 
The  boy  happening  to  pass  the  same  place  some  time  after- 
wards, found  a  parroquet's  neet  built  in  the  tree  above  the 
spot,  to  which  he  ascended,  when  to  his  horror  he  found  the 
birds  had  picked  up  the  pieces  of  flesh  and  skin  and  incorpo- 
rated them  into  the  nest.  He  very  speedily  descended  and 
did  not  go  that  way  again  for  many  a  day. 

36.  GhrysopiUus  cristatns  (Viell.) — native  name  "  Carpin- 
tero," — This  term,  meaning  "  Carpenter,"  is  applied  both  to 
this  species  the  red-headed  woodpecker,  and  to  the  next 
The  present  one  is  distributed  throughout  Southern  Brazil 
and  the  States  on  the  River  Plata.  It  is  not  very  plentiful 
at  Tala,  but  is  resident  all  the  year.  It  goes  in  pairs,  and 
perches  not  un  frequently  on  the  top  of  a  bush  or  tree,  bat 
their  usual  attitude  is  that  of  a  woodpecker,  and  their  food 
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They  do  not  take  long  to  the  work  of  making  ttie  nest,  ^^y 
collector  informs  me  that  he  watched  a  pair  so  engaged ;  on 
the  third  day  only  the  tail  of  the  hird  was  to  be  seen  when 
at  work,  while  on  the  fifth  day  it  was  out  of  sijjht.  One  of 
the  birds  ia  always  on  the  watch  while  the  other  is  sitting, 
and  on  the  approach  of  an  intruder  gives  the  alarm,  when 
they  both  fly  off.  Snakes  often  ent«r  the  holes,  wliich 
renders  an  e.xaiuination  somewhat  perilous  :  they  eat  the  e^a. 

37.  Coiaptes  agricola,  Malli,  —  the  black-hended  wood- 
pecker, as  above  mentioned,  is  also  known  by  the  name  of 
"  Carpintero."  It  is  more  numerous  at  Tala  than  the  last 
species,  and  like  it  is  resident.  Its  range  seems  nearly 
coextensive  with  the  other.  Gibson  does  not  mention  it,  but 
Lee  found  it  common  at  Frayle  Muerto,  between  the  towns  of 
Cordova  and  Rosario  in  the  Argentine  Republic.  Its  habits 
are  very  similar  to  [hose  of  the  red-headed  woodpecker. 
Occasionally  it  is  seen  in  parties  of  two  or  tliree  on  the  grass. 

Clutch  of  four  eggs,  taken  2Gth  November  1880,  from  a 
hole  in  a  decayed  tree.  Another  of  four  eggs,  taken  27tb 
October  1881,  from  a  hole  in  a  fence  post.  The  average  size 
of  these  is  lA'^f^  inch,  the  largest  being  l-rV''-Sw  inch. 
They  are  very  similar  to  those  of  the  last  species,  but  are  not 
80  transparent,  aud  are  blunter  at  the  small  end. 

The  nest  is  placed  in  similar  situations  to  that  of  the  last, 
and  the  same  remarks  are  therefore  applicable  to  it. 

38.  Guira  piririgtut  (Viell.). — The  Guira  cuckoo,  native 
name  "  Perencho,"  is  found  throughout  Brazil  and  the  River 
Plata  States,  It  is  not  uncommon  at  Tala.  From  its  scanty 
covering  of  feathers  it  is  a  curious  bird  in  appearance.  It  is 
gregarious,  aud  has  a  curious  habit  of  perching  in  flocks  on  a 
branch  in  a  row  facing  different  ways  in  exactly  alternate 
order.  Its  cry  is  a  harsh  scream,  but  it  is  said  also  to  have 
a  musical  note,  which  is  seldom  heard.  Its  food  consists  of 
grasshoppers,  worms,  small  frogs,  snails,  and  pieces  of  meat. 
Its  flight  is  slow  and  feeble,  and  its  tail  is  much  in  its  way 
when  ahghtiug,  causing  it  often  nearly  to  perform  a  somer- 
sault involuntarily.  It  is  not  shy,  and  ventures  among  farm 
buildings,  but  its  usual  habitat  is  the  "monte,"  or  woods, 
Gibson  states  that  the  natives  allege  it  can  be  taught  to  speak. 
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Clutch  of  three  egga,  taken  14th  Kovember  1881,  from  a 
nest  in  a  small  wood  half  a  mile  from  Tala.  Also  other  two 
clutches  of  three  ^gs  each,  taken  on  8th  December  1881, 
from  nests  in  the  same  wood.  These  are  perhaps  the  must 
beautiful  of  any  of  the  e^  of  South  American  birds,  and 
their  appearance  is  very  peculiar.  The  ground  colour  is  a 
pale  blue,  resembling  the  colour  of  the  egg  of  the  heron,  and 
over  this  is  a  remarkable  encmstation  of  a  white  calcareous 
snbetance,  finely  reticulated,  and  giving  the  egg  the  appear- 
ance of  being  covered  with  lace  in  relief.  It  is  figured  in 
Thienemann's  "  Fortflanzungsgesichte," '  PL  xv.,  fig,  11.  They 
average  in  size  1^  x  l^V  '"°''>  ^^  largest  measuring  1|$  n  1,^ 
inch,  the  smallest  IH  ^  l^iV  mcL  They  are  of  an  elongated 
spherical  form,  and  are  three  or  four  in  number. 

The  nest  is  usually  a  large  structure  of  sticks,  generally 
built  about  20  feet  from  the  ground.  Of  the  above,  however, 
one  of  the  last  mentioned  was  placed  so  low  as  to  be  within 
reach  from  the  ground.  They  were  all  three  in  Tala  trees,  and 
were  lined  with  wool  wrought  into  the  interstices  of  the  sticks. 
Gibson  mentions  finding  a  nest  lined  with  green  alder  leaves. 
No  specimen  has  been  sent  me,  owing  to  their  great  bulk. 

39.  Coluttiba  pieasuro,  Temm. — This  bird,  which  is  about 
the  size  of  our  rock  pigeon,  is  pretty  common  at  Tala,  where 
it  is  resident.  It  occurs  also  in  Brazil,  Southern  Paraguay, 
and  the  Argentine  Republic.  At  Tala  they  are  wild,  go  in 
Hocks,  and  are  swift  on  the  wing.     Their  food   conai^ts  of 
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V.  Note  on  the  Sirticture  of  the  Body-  Wall  in  certain  Earth- 
wonna.  By  F.  E.  Beddard,  Esq.,  M.A.  (Oxon.),  F.R.S.E., 
F.Z.S. 

(Read  ISth  Juiaarj  ]8S1.} 
Although  up  to  the  present  but  few  of  the  uiimerous  geaera 
of  earttiworms  have  been  hiatologically  investigated,  it  appears, 
from  what  is  knowu,  that  the  atructure  of  the  boily-wall 
varies  considerably  in  detail  in  difierent  types;  all  agree, 
however,  in  possessing  an  outer  epidermis  which  secretes  a 
thin  chitinous  cuticle,  and  two  subjacent  muscular  layers,  an 
external  transverse  and  an  internal  longitudinal.  The  present 
note  relates  to  the  structure  of  the  boily-wall  in  the  two 
genera,  Perionyx  and  Perichtcta. 

In  Perioni/x  the  epidennia  closely  resembles  that  of  the 
common  earthworm ;  it  is  composed  of  a  single  layer  of 
delicate  elongated  cells,  among  which  may  be  distinguished 
a  number  of  larger  granular  cells,  connected  with  the  exterior 
by  a  fine  pore,  which  passes  through  the  outer  chitinoua 
cuticle.  The  structure  of  the  epidermis  in  the  common 
earthworm  has  recently  been  carefully  studied  by  Dr  Horst' 
and  Dr  v.  Mojsisovics,-  and  both  these  observers  agree  in 
stating  that  it  is  only  vascular  in  the  region  of  the  clitellum. 
In  PtHonyx,  on  the  contrary,  the  terminal  branches  of  the 
blood  system  penetrate  within  the  epidermis  of  the  general 
body  surface.  With  the  exception  of  Plenrochwla,  a  new 
genus  lately  described  by  me,*  this  is  the  only  example  of 
the  phenomenon  among  the  Oligochfeta,  and  it  is  not  a  little 
remarkable  that  a  structural  feature  of  such  obvious  physio- 
logical advantage  should  be  present  iu  one  genus  and  absent 
in  another,  especially  when  we  consider  that  there  can  be  no 
great  difference  between  various  species  of  earthworms  in 
mode  of  life  and  in  their  physiological  needs.  There  can  be 
no  possible  doubt  that  this  intra-epidennie  vascular  plexus 
is  entirely  unrepresented  in  the  common  earthworm  as  well 
aa  in  the  two  genera  Urockaia  and  Pontodiihis,  upon  which 

'  TijJschr.  d.  Kederlandach.  dierk.  Vrr.,  Deel  iii.,  bA.  1. 

'  SiUnngber.  Ak«d.  WUb.  Wien.  1877. 

•  Tnms.  Roy.  Soc,  Eilinb.,  vol.  iix.,  [il.  2. 
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M.  Perrier  haa  recently  published  two  admirable  and  exhans- 
tive  memoira,'  inasmucb  as  there  is  no  necessity  for  an 
injection  to  demoDStrate  its  presence.  If  this  vere  actually 
necessary,  the  difticiilty  of  successfully  injecting  such  small 
animals  would  naturally  introduce  abundant  source  of  error, 
but  as  a  matter  of  fact  it  is  not  in  the  least  necessary,  for  if 
the  animal  be  killed  by  immersion  in  spirit,  the  capillaries 
remain  injected  with  their  own  blood,  and  are  extremely 
conspicnous  under  the  microscope  as  yellow-coloured  branch- 
ing tubes.  In  Uroc/ucla  Perrier  does  not  figure  or  describe 
intra-epithelial  capillaries,  and  in  PoTUodriius  he  expressly 
states  that  tlie  terminal  ramifications  of  the  vascular  system 
are  contained  in  the  circular  mascle-layer,  beyond  which 
they  do  not  penetrate. 

Although  the  first  descri ption of  intra-epithelial  capillaries  in 
earthworms  is  contained  in  my  own  paper  already  quoted,  the 
fact  itself  was  not  new,  since  Professor  Laukester  had  pre- 
viously pointed  out  that  the  epidermis  of  the  leech  is  vascular; 
in  this  Annelid,  moreover,  the  capillaries  are  accompanied 
by  pigmentiferous  connective  tissue  cells.*  The  epidermis  of 
Peritmyx  agrees  with  that  of  the  leech,  and  differs  from  that 
of  all  other  earthworms  in  being  pigmented,  but  the  state  of 
preservation  of  the  specimen  from  which  my  sections  were 
taken  was  not  sufBciently  good  to  enable  me  to  decide 
whether  the  pigment  was  intrusive  or  simply  contained 
within  the  epidermic  cella  themselvet 
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rounded  by  a  network  which  is,  however,  line  and  delicate  in 
Perionyx,  and  appears  to  be  completely  absent  in  PcTtduxta. 
The  function  of  this  elastic  network  is  probably  to  assist  in 
extending  tlie  fibres  after  contraction ;  this  would  account 
for  its  greater  development  in  the  outer  transverse  layer, 
since,  in  the  longitudinal  layer,  the  contractions  of  the  muscles 
of  one  side  of  the  body  would  be  alone  quite  sufficient  to 
extend  those  of  the  opposite  side.  In  the  transverse  layer 
there  is  of  course  no  audi  direct  counteracting  mechanism, 
though  no  doubt  the  pressure  of  the  perivisceral  fluid 
materially  assists  in  extending  the  contracted  fibres.  The 
elasticity  of  this  intermuscular  network  must  be  at  leaat  an 
additional  mechanical  advantage. 

This  structural  peculiarity  of  the  muscular  layers  is  not 
found  in  all  Oligochieta.  In  Urockata  there  appears  to  be  no 
trace  of  it  whatever.  Transverse  sections  of  the  body-wall  are 
figured  by  Perrier  in  his  memoir  on  the  anatomy  of  the  genus, 
and  show  plainly  that  the  individual  muscular  fibres  are  in 
close  contact  and  not  isolated  from  each  other  by  any  septa 
of  elastic  tissue ;  in  Pontodrilas  the  circular  layer  of  muscles 
reaemblea  that  of  Vrochwta,  but  the  inner  longitudinal  muscles 
are  separated  into  numerous  bundles  by  elastic  septa.  Finally, 
in  the  genus  Pleurochcvta  I  have  described  a  structure  closely 
similar  to  that  of  Perionyx  and  Perichata. 


VI.  Notes  on  Ike  Gcniis  Gyracantbus  {A'jassii).     liy 
Dr  R  H.  Tbacjuaiu.  r.K.S. 

(Read  leth  December  1883.) 

1.  Did  Gyracanthua  possess  dorsal  spiiies  ? 

Although  Agassiz  himself  pointed  out  that  the  spines  of 
Gyracanthits  were  not  bilaterally  symmetrical,  inasmuch  as 
one  side  was  more  rounded  than  the  other,  he  nevertheless 
regarded  them  as  dorsal,  and  so  did  people  in  general,  until 
in  1863  Messrs  Kirkby  and  Atthey  pointed  out  the  probable 
pectoral  nature  of  some  at  least  of  these  appendages,  the 
grounds  for  this  concluainn  being  the  conspicuous  lateral  cur- 
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vatnre  shown  by  sach  specimens,  along  with  the  wearing 
away  of  the  apices,  as  if  they  had  been  subject  to  habitnal 
attrition  at  the  bottom  of  the  water  in  which  their  possesson 
lived.  In  1868  Messrs  Hancock  and  Atthey  returned  to 
the  subject,^  and,  reviewing  the  extensive  series  of  specimens 
in  the  collection  of  the  last-named  gentleman,  divided  them 
into  two  categories — first,  those  with  lateral  curvature  and 
worn  apices,  and  second,  those  in  which  apparently  there  was 
only  an  antero-posterior  curvature  and  in  which  the  apex  was 
entire  and  pointed.  The  former  set,  which  could  also  be 
arranged  in  pairs,  they  regarded  as  pectoral,  the  latter  as 
dorsal? 

The  occurrence  of  numerous  spines  of  tliis  genns  in  the 
Blackband  Ironstone  of  Borough  Lee,  near.Edinbui^h,  having 
lately  induced  me  to  inquire  into  the  whole  subject  of  Oyra- 
cantkus,  I  was  surprised  to  find  that,  among  the  numerous 
specimens  which  came  under  my  observation  fiitim  that  and 
other  localities  in  Scotland,  there  was  not  one  which  was 
bilaterally  symmetrical,  and  which  consequently  could  be 
assigned  to  a  median  position.  On  this  subject  I  published 
a  few  remarks  in  the  Geological  Maf/azine  for  December 
1882.     To  pursue  the  subject  further  it  was,  however,  abso- 

'  Ann.  k  Mag.  Nat.  Hist.  (4),  1S68,  toI.  L,  p.  36S.  In  s  Tootiiote  Utmn 
Hancock  and  Atthey  refur  to  a  paper  by  McsHra  AUbo;  and  Kirkby, 
entitlutl  "  Fisb-roaiainB  in  tbu  Coal-nieanurai  of  DuHmm  and  Nortbambar- 
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lutely  necessary  to  re-examine  the  specimens  in  the  Atthey 
Collection,  now  in  the  museum  at  Newcastle-on-Tyne.  And 
having  recently  visited  that  city,  I  must  here  express  my 
cordial  thanks  to  my  friends  Mr  W.  Dinning,  Secretary  of 
the  Newcastle  Natural- History  Society,  Mr  E.  Howse, 
Curator  of  the  Museum,  and  Mr  J.  Hancock,  member  of  com- 
mittee, for  the  kind  and  liberal  manner  in  which  they  afforded 
me  every  facility  for  examining  the  specimens  in  that  remark- 
able collection  of  Coal-measure  vertebrate  remains. 

Although  I  have  not  seen  the  original  type  of  Agassiz's 
Gyratanlkus  luberculatus,  I  have  no  hesitation  in  referring  to 
it  the  great  majority  of  the  specimens  from  Newshara  in  the 
Atthey  Collection,  and  they  form,  indeed,  a  most  beautiful  and 
instructive  series.  And  as  no  systematic  description  has  been 
given  of  this  form  since  the  time  of  Agassiz,  who  Iiad  only  a 
drawing  of  a  mere  fragment  to  go  upon,  it  will  not  be  out  of 
place  to  enter  somewhat  into  detail  aa  to  the  coufiguratiou  of 
these  spines. 

Proceeding  first  to  the  consideration  of  those  labelled 
"  pectoral "  in  the  Atthey  Collection,  one  very  fine  example  ia 
15J  inches  in  length  by  2\  in  diameter  at  its  widest  part  near 
the  base ;  its  distal  extremity  is  obliquely  truncated  or  worn 
off  on  the  anterior  aspect,  and  the  whole  spine,  when  looked 
at  from  the  front,  displays  a  well-marked  lateral  curvature  or 
bend,  which  enables  us  to  distinguish  a  convex  and  a  concave 
side.  It  will  also  be  observed  that  the  lateral  surface  is  more 
gibbous  or  rounded  on  the  convex  aspect  of  the  spine,  flatter 
on  the  opposite,  so  that  for  purposes  of  description  we  may 
distinguish  the  two  sides  as  "  gibbous"  and  "subgibhous  "  re- 
spectively. Still,  regarding  it  from  the  front,  it  will  be  seen 
that  the  sculptured  surface  ends  proximally  in  an  acute  angle; 
but  the  apparent  middle  line  on  which  the  tuberculated  or 
"gyrating"  ridges  meet  does  not  bisect  this  angle,  but  divides 
it  so  that  the  sculptured  part  is  larger  on  the  gibbous  side. 
Now,  turning  the  spine  over  so  as  to  look  at  it  from  behind, 
we  observe  that  the  longitudinal  cleft  or  sulcus  leading  into 
the  central  cavity  is  not  in  the  middle  of  the  non-sculptured 
inserted  part,  but  ia  placed  more  towards  the  subgibboua  side, 
so  that  wo  have  here  from  the  very  beginning   a   marked 
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deviation  from  bilateral  symmetry,  one  side,  the  convex  or 
gibbous  one,  being  larger  than  the  other.  We  next  observe 
that,  from  the  distal  closure  of  tlte  sulcus,  the  lip  on  its  sub- 
gibbous  side  is  continued  onwards  towards  the  apex  as  a 
blunt  keel  or  margin,  having  on  the  gibbous  side  a  shallow 
longitudinal  depression  or  groove.  Thus  the  spine  has  now 
become  keeled  or  mai^nated  posteriorly,  and  from  this  mar- 
gin round  to  the  line  of  convergence  of  the  gyrating  rii^ea 
in  front  the  surface  on  the  subgibbous  side  is  narrower  and 
flatter,  while  on  the  opposite  or  gibbous  aspect  it  is  more  ex- 
tensive, more  rounded,  and  provided  with  the  aforesaid  longi- 
tudinal groove.  I  have  already,  on  a  previous  occasion,* 
pointed  out  that  the  groove  is  obviously  equivalent  to  the  pos- 
terior flattened  area  in  such  median  spines  as  Ctenacantkus,  but 
here  turned  avrry  and  looking  to  one  side,  while  the  posterior 
marginal  ridge  represents  one  of  the  denticulated  mai^s  in 
the  last-named  genus ;  the  other  is  to  be  looked  for  in  the 
opposite  or  feebly-marked  edge  of  the  groove  on  the  gibbous 
side  in  Gt/racanthus.  The  sculptured  or  gyrating  ridges  are 
on  the  whole  pretty  straight  and  parallel  in  their  course, 
though  they  show  a  slight  tendency  to  a  sigmoidal  direction, 
curving  a  little  towards  the  apex  in  front,  towards  the  base 
behind,  as  well  as  increasing  progressively  in  obliquity  from 
the  base  onwards.  They  are  closely  tuberculated  along  their 
whole  extent,  and  are  continued  as  lines  of  tubercles  over  the 
lips  of  the  posterior  groove,  in  the  bottom  of  which  they 
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lefts,"  amply  justifies  the  opinion  of  Messrs  Kirkby,  Atthey, 
and  Hancock  that  they  were  pectoral  or  at  least  paired  appen- 
dages. \Vhich  are  the  right  and  which  tlie  left  spines,  it  ia, 
however,  at  present  not  very  easy  to  determine.  Accepting 
the  sulcated  aspect  as  posterior,  it  would  be  necessary  to 
ascertain  whether  the  flat  or  the  gibbous  side  was  superior  in 
order  to  indicate  to  which  side  of  the  fish  it  belonged. 

Now,  turning  to  the  spines  labelled  "  dorsal "  in  the  same 
collection,  we  find  that  they  are  smaller  in  size,  varying  in 
length  from  4J  to  10  j  inches,  and  almost  .all  lying  laterally 
compressed  on  pieces  of  shale.  In  this  way  the  lateral  cur- 
vature is  obscured,  though  in  one,  also  marked  "dorsal,"  which 
happens  to  be  only  obliquely  placed  on  its  matrix,  this 
curvature  is  quite  obvious.  Furthermore,  all  of  them  show 
in  other  respects  the  same  want  of  lateral  symmetry  which 
I  have  just  described  in  those  acknowledged  to  be  pectoral, 
namely,  the  possession  of  a  flat  and  of  an  inflated  and  grooved 
side ;  in  fact  they  are  rendered  still  more  asymmetrical  than 
the  large  truncated  spines  by  the  much  greater  prominence 
and  sharpness  of  the  posterior  mai^'inal  keel,  which  we  have 
seen  is  morphologically  a  lateral  atmcture  in  the  general  plan 
of  the  spines.  This  keel  is  also  furnished  with  a  row  of  small 
closely-set  recurved  denticles.  The  gyrating  ridges  become 
very  oblique  towards  the  point,  and  tend  to  become  plain  or 
only  distantly  nodulose,  except  perhaps  on  the  front  of  the 
spine.  Oil  the  flat  side  a  space  bare  of  ridges  runs  down  from 
the  point  along  the  posterior  margin  for  about  li  inch,  and 
an  analogous  appearance  is  also  observable  on  the  grooved 
side,  The  groove  itself  is  smooth  and  marked  with  deUcate 
longitudinal  striie ;  and,  as  Messrs  Hancock  and  Atthey  have 
already  noted,  the  point  is  much  compreused  laterally.^ 

If  we  next  compare  the  proximal  or  basal  end  of  one  of  the 
largest  of  these  supposed  dorsal  spines  with  the  distal  extre- 


'  Tlimo  j'oaiij;  spines  of  G.  liibcTcuIalM  bear  an  citremB  resombUiico  to  the 
figure  of  O.  dfMieutaliis  (Duvis),  iu  Ann.  Sc  Mag,  SM.  Wist.  (G),  vi.,  1880,  p. 
S73,',being  aimilnr  in  ahnpo,  in  the  characters  of  the  gyrnting  ridges,  and  the 
deDticalation  of  tbe  posterior  margin,  whils  the  aame  bare  space  mna  doirn 
For  a  little  digtance  (roni  the  point.  Mr  DaTi*,  however,  states  that  his  «plne 
has  (100  rows  of  deDtitii;s  [mstoriorly. 
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mity  of  one  of  the  leut  worn  of  those  labelled  "  pectoial)"  we 
find  a  mutual  approximation  in  cbaracter;  and,  farther,  if 
we  compare  both  with  an  allied  Bpecies,  0.  nobilis  (Traq.), 
from  the  Edinburgh  district,  pretty  large  Bpecimena  of  which 
sometimea  occur  with  the  points  very  eligbtly  worn  indeed, 
the  whole  matter  is  cleared  up.  I  have  now  no  longer  any 
doubt  that  the  spines  of  Gyracantkus  tubercalatus,  sap- 
posed  by  Messrs  Hancock  and  Atthey  to  be  "dorsal,"  are 
simply  young  specimens  of  the  very  same  spines  classed  by 
them  as  "pectoral,"  and  represent  the  distal  portions  or 
extremities,  which  in  the  adult  spines  have  been  lost  by 
attrition.  These  spines  increased  by  progressive  growth  at 
the  base,  and  as  they  grew,  progressive  differences  in  sculpture, 
amount  of  lateral  compression,  and  so  on  manifested  them- 
selves ;  so  that  the  young  spine  is  not  a  miniature  of  the  old 
one,  but  represents  only  a  distally  situated  portion  of  it, 
greater  or  less  as  the  case  may  be.  And  in  the  case  of  the 
Newsham  specimens  of  OyraearUhita  ivberaUatut,  I  may 
mention,  as  a  iinal  and  convincing  proof,  that,  although 
Messrs  Hancock  and  Atthey  state  that  in  the  spines  supposed 
by  them  to  be  doisal  the  pointed  extremities  "are  all  perfect, 
not  being  in  the  least  worn,"  I  find  in  one  so  labelled,  a 
specimen  11  inches  in  length,  very  distinct  wearing  already 
in  progress  just  in  front  of  the  tip. 

Although  Messrs  Hancock  and  Atthey's  dorsal  spines  of 
GyracarUhua  are  certainly   not  so,  and  although,  since  my 
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a  want  of  lateral  symmetry.  M'Coy  gives  an  outline  of  the 
transverse  section  of  G.  dbliquus  from  a  position  considerably 
proximal  to  the  point,  in  which  the  two  aides  with  the  posterior 
area  seem  aa  Bymmetrical  as  in  Cteiiamntkus.  lu  such  a 
spine  it  would  be  well  to  examine  the  extreme  point.  There 
is  in  the  collection  of  the  Geological  Survey  of  Scotland  a 
rather  young  spine  from  the  Liddesdale  beds,  which  I  am 
inclined  to  refer  to  6.  abtiquvs,  and  in  it  near  the  tip,  the 
transverse  section  has  a  fonn  much  resembling  iu  general 
characters  that  in  M'Coy's  figure ;  but  one  mai^in  of  the 
groove  is  nevertheless  a  little  more  prominent  than  the  other. 
It  is  to  be  hoped  that  American  palteichthyologists  will  care- 
fully examine  the  spines  of  G-i/racanthits  occurring  in  their 
country  with  special  reference  to  the  present  question. 

2.  The  auppoaed  Carpai  Bones  of  QytacAUthua. 

Of  constant  occurrence  in  the  same  beds  with  Gyracantkus- 
spines,  nnd  often  found  closely  associated  with  them  on  the 
same  slabs  of  stone,  are  certain  peculiar  bones,  first  noticed  by 
Messrs  Hancock  and  Atthey,  and  by  them  interpreted  as 
"carpal"  bones.  These  occur  of  two  forms  or  shapes,  the 
first  of  which  was  described  by  the  above-named  authors  in 
1868.'  It  is  a  tlat  triangular  bone,  with  a  thick  apex  oppo- 
site to  a  thin  base ;  and  two  other  sides,  one  of  which,  the 
longer,  is  slightly  convex,  tlie  other,  or  shorter,  being 
straight  or  slightly  concave :  of  the  two  surfaces  one  is 
slightly  convex,  the  other  slightly  concave  in  general  contour. 
Of  these  Messrs  Hancock  and  Atthey  say,  "  Their  structure 
is  very  open ;  and  as  they  are  seldom  well  preserved,  they 
ore  probably  only  imperfectly  ossified;  the  bony  fibre  radiates 
from  the  apex  to  the  expanded  base.  There  can  be  little 
doubt  that  these  are  carpal  bones  similar  to  those  in  con- 
nexion with  the  pectoml  fins  in  sharks  and  dog-fishes." 

The  second  form  is  briefly  noticed  by  the  same  authors  in 
another  communication  published  four  years  later,  and  its 
form  is  described  as  follows : — "  This  second  form  is  probably 
the  inner  carpal;  it  is  a  broad  Bat  bone  irregularly  bilobedor 

'  Ann.  k  Mng.  fiat.  Hist,,  aer.  i.  1668,  vol.  i.,  i>.  SSO. 
VOL.   VIII.  G 
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somewhat  reniform,  with  one  of  the  lobes  produced  and  the 
external  margin  straightened ;  the  convex  border  is  a  little 
flattened,  angnlated,  and  thickened,  thence  the  bony  fibres 
radiate  to  the  opposite  or  lobed  margin.  .  .  .  The  textnre 
of  the  bone  is  quite  similar  to  that  of  the  large  triangular 
carpal,  namely,  it  ia  of  a  semicartilaginous  appearance,  with 
coarse  radiating  flbres  extending  from  margin  to  margin."  * 

In  other  passages  Messrs  Hancock  and  Atthey  clearly 
indicate  that  they  considered  the  thin  margin,  in  both  forms, 
to  be  distal,  and  the  apex,  or  point  from  which  the  "  bony 
fibres  "  radiate,  to  be  proximal  in  original  position. 

Before  making  any  critical  remarks  on  the  above  determi- 
nation of  the  bones  in  question,  it  is  necessaiy  to  fix  accu- 
rately to  what  elements  of  the  Selachian  skeleton  Messrs 
Hancock  and  Atthey  compare  them. 

The  term  "  carpal "  is  not  used  by  anatomists  of  the 
modem  school  to  denote  any  part  of  the  skeleton  of  the  fore 
limb  in  fishes ;  but  on  turning  to  Prof.  Owen's  "  Compara- 
tive Anatomy  of  the  Vertebrata,"  vol.  i.,  p.  168,  Fig.  104,  we 
find  the  three  basil  cartilages  of  the  pectoral  fin  of  the  picked 
dogfish  so  designated.  Two  of  these,  the  mcsopttrygium  and 
metapterygium  of  Gegenbaur,  are  triangular,  with  their  apices 
directed  towards  the  shoulder-girdle,  while  the  third  or  pro-' 
pterygium  has  an  oblong  shape,  faintly  reminding  ub  of  the 
second  form  of  so-called  carpal  of  Oyracanthvs.  There  can 
thus  be  no  doubt  that  these  basal  cartilages,  which,  in  the 
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we  take  first  one  of  the  triangular  series,  it  may  easily  be  seen 
that  the  two  walla,  or  laminEB  of  which  the  bone  is  composed, 
are  united  at  the  apex  and  along  the  two  thick  sides  which 
meet  at  the  apex,  but  that  they  are  separate  at  the  thin  base, 
at  which  accordingly  the  cavity  was  open.  It  may  also  be 
seen  that  the  edges  of  the  basal  opening  do  not  coincide,  as 
careful  development  of  these  edges  shows  that  the  one  on  the 
convex  aide  of  the  bone  is  indented  by  a  large  angular  notch 
or  sinua,  which  runs  up  for  some  distance  in  the  direction  of 
the  apex ;  this  appearance  I  have  seen  in  everj'  case  in  which 
I  have  looked  for  it.  The  internal  cavity  is  at  once  distin- 
guishable, filled  with  matrix,  when  a  specimen  is  broken  or 
cut  across.  I  have  equally  assured  myself  of  the  hollow 
character  of  the  bones  of  the  second  series. 

If  we  now  look  at  the  texture  of  these  bodies  we  shall  be 
at  a  loss  to  explain  the  expressions  "  imperfectly  ossified " 
and  "  semicartilaginous,"  used  by  Messrs  Hancock  and 
Atthey  in  the  passages  ab'eady  q^uoted.  On  examining  the 
surface  with  a  lens  its  apparent  fibrous  aspect  is  seen  to  be 
due  to  its  being  closely  covered  with  minute  grooves  inter- 
spersed with  small  openings,  these  markings  being  clearly 
vascular  in  their  nature  and  of  the  same  essential  character 
aa  those  ou  the  inserted  portion  of  a  Selachian  spine,  only  not 
80  regularly  parallel  as  is  usually  the  case  in  the  latter.  On 
making  microscopic  sections,  transverse  and  longitudinal, 
through  the  substance  of  the  supposed  "  carpal  bone,"  it  is 
found  to  be  completely  traversed  by  a  close  network  of 
vascular  or  Haversian  canals,  the  canals  in  some  parts  en- 
larging 80  as  to  give  a  rather  more  open  character  to  the 
tissue  than  is  found  in  the  internal  part  of  a  Gy^'acafiikus- 
spine  itself,  while  the  ground-substance,  hard  and  calcareous, 
ia  permeated  by  minute  branching  and  anastomosing  tubulea, 
which  are  frequently  seen  to  radiate  from  the  vascular  canals. 
This  is  not,  however,  the  structure  which  Selachian  cartilage 
assumes  when  calcified  or  "  ossified " ;  ^  on  the  contrary,  if 
the  tissue  be  not  vascular  dentine,  it  is  certaijily  very  like  it 

'  For  au  actooiit  of  tbe  strnctnre  of  cnlcified  SelatLian  eartilngo,  see 
WiUinmHin  on  the  "Structure  aud  DevelopmvDt  of  tho  Scalas  and  Bones  of 
Fishes"  (Fha  Tnns.,  1851). 
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I  am  therefore  of  opinion,  that  the  bodies  in  question  have 
nothing  to  do  with  "  carpal  bones,"  or  with  the  endoskeleton 
of  a  shark  at  all,  but  that  they  were,  on  the  other  hand, 
dermal  appendages,  which  may  probably  enough  have  been 
situated  in  the  neighbourhood  of  the  pectoral  fin,  the  thin  or 
open  side  being  proximal  and  the  apex  distal  The  want  of 
enamel,  or  of  sculpture  on  any  part  of  the  surlace,  show^ 
that  they  must  have  been  covered  with  a  thin  layer  of  skin. 
Their  frequent  occurrence  in  close  relation  to  the  spines  of 
Oyraaanthua  renders  it,  indeed,  highly  probable  tlwt  they 
belong  t«  the  same  fish. 

I  hope,  on  a  future  occasion,  to  enter  more  minutely  into 
the  microscopic  structure,  both  of  these  bodies,  and  of  the 
Oyraeanthus-spineg  themselves. 

3.  On  two  nsw  Specits  of  Gyracanthus. 

In  the  Geological  Magazine  for  last  month  (Nov.  1883) 
I  have  given  brief  di^noses  of  two  new  species  of  this  genus 
from  the  Carboniferous  limestone  series  of  Scotland,  conceni- 
ing  which  I  propose,  in  the  present  communication,  to  enter 
a  little  more  into  detail 
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entire,  it-s  length  could  Dot  have  been  'toss'- tlian  2  feet 
Another,  wanting  the  point,  must  have  been  atibrit  tKe  jMne 
size ;  and  frt^menta  are  not  uncommon  which  indicate ■;syU 
greater  dimensions.  The  general  form  ia  elongated  and 
slender,  the  breadth  increasing  more  rapidly  towards  the  base 
in  adult  specimens.  They  are  very  variable  in  respect  of 
curvature :  in  some  both  antero-posterior  and  lateral  curves 
are  well  marked ;  in  others  the  lateral  bend  ia  only  slight  or 
hardly  perceptible ;  and  I  have  one  which  appears  almost 
perfectly  straight  in  doth  directions.  Eveiy  one  of  them, 
without  exception,  is  nevertheless  asymmetrical  as  regards 
those  special  points  of  con6guration  upon  which  I  have 
dwelt  in  connection  with  G.  tvhtTcuXattta,  and,  as  in  that 
species,  they  may  be  arranged  in  pairs. 

In  the  form  of  tlie  non-sculptured  inserted  part,  with  its 
posterior  sulcus,  and  in  the  general  configuration  of  the  spine 
as  seen  in  transverse  sections,  G.  nohUis  closely  resembles  G. 
tulercidatus.  The  posterior  marginal  keel  is  in  its  distal 
portion  strongly  denticulated ;  in  one  specimen  the  denticles 
may  be  traced,  from  the  point,  a  distance  of  10  inches  in  the 
direction  of  the  base.  The  posterior  groove  varies  much  in 
ita  degree  of  sharpness ;  in  some  it  is  very  shallow  and 
slightly  marked  till  towards  the  point,  while  in  others  it  is 
very  well  defined  along  its  whole  extent.  In  adult  specimens 
continuations  of  the  gyrating  ridges  usually  encroach  upon  it 
at  its  commencement ;  but  the  salient  point  in  this  species 
lies  in  the  disposition  and  mode  of  tuberculation  of  these 
ridges.  At  the  proximal  end  of  the  spine,  in  adult  examples, 
they  are  disposed  much  as  in  G.  tuherculatua,  meet  each  other 
anteriorly  at  much  the  same  angle,  and  are  closely  tubercu- 
lated  along  their  whole  extent.  But  near  the  closure  of  the 
sulcus  this  close  tuberculation  becomes  limited  to  the  anterior 
aspect,  each  ridge  as  it  arises  and  advances  forward  showing 
first  a  comparatively  distant  tuberculation,  then  a  smooth 
space  (sometimes  very  minutely  crenulated)  on  the  side  of  the 
spine,  and  finally  becoming  thick  and  coarsely  tuberculat«d 
as  it  turns  round  to  the  front.  Where  this  feature  of  the 
ridges  commences  they  also  become  excessively  oblique  and  very 
delicate,  and  in  some  specimens  they  also  occasionally  bifur- 
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cate  along  th^BJde?  of  the  spiae;  but  in  front,  where  the 
tubei;puli,tioa  .appears,  thet/  become  coarse  and  curve  a  littU 
/ovvf^rdi  so  as  to  become  less  oblique,  and  in  many  cases  they 
f  urn  slightly  again  towards  the  point  just  before  meeting  those 
'  of  the  opposite  side.  Towards  tlie  extremity  the  ridges 
become  entirely  smooth  on  tho  sides  of  the  spine,  their  slight 
curvature  also  ceases,  and  the  tuberculation  of  the  anterior 
aspect  (jives  way  to  simple  undulation.  The  point,  even 
where  it  is  not  positively  truncated  by  attrition,  looks  smooth 
and  nibbed. 

Gymcanthus  iwbilis  may  easily  be  distinguished  from  both 
O.formosus  and  G.  tvhcrcidaUm  (probably  only  varieties  of  one 
common  species)  by  the  direction  of  the  gyrating  ridges.  la 
the  latter  forms  these  ridges  arc  disposed  in  a  pretty  straight 
and  parallel  fashion  over  the  sides  of  the  spine,  although  they 
do  increase  in  obliquity  towai'da  the  apex.  Here,  however, 
their  excessive  obliquity  and  delicacy  along  the  sides,  after  the 
closure  of  the  sulcus,  give  the  sculpture  a  jieculiar  aspect 
which  cannot  be  mistaken.  The  tuberculation  of  the  ridges 
is  in  general  coarser  than  in  0.  tuherailatus,  and,  in  the 
latter,  it  in  only  pretty  well  towards  the  apex  that  the  ridges 
tend  proximately  to  become  plain,  or  only  distantly  nodulose. 
Of  course,  as  regards  the  disposition  of  tul>ercnlation,  this  nev 
species  differs  still  more  from  G.formiMus,  in  which  the  ridges 
from  the  very  base  tend  to  be  plain  in  front. 

Adult  specimens  of  G.  tnhercitliUus  show  invariably,  so  far 
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form,  witli  very  oblique  and  entirely  smooth  or  non-tubercu- 
lated  ridges,  wMch  ridges  also  bifurcate,  and  even  trifni'cate, 
in  a  very  remarkable  manner,  as  shown  in  the  figure.  If  this 
description  ia  correct,  ^  G.  nohilis  is  even  more  distinct  from 
G.  alTiAmcensis  thau  from  any  other. 

One  remarkable  feature  in  these  spines  as  occurring  at 
Borough  Lee  is  the  small  amount  of  apical  wearing  to  which 
they  have  for  the  most  pai^t  been  subjected.  Even  the 
extreme  point,  only  a  little  blunted  and  polished,  is  some- 
times present  in  large  specimens,  and  in  many  others  com- 
paratively little  of  the  extremity  has  been  lost  by  that 
process  which  has  reduced  some  of  the  large  Oyracanthua- 
spines  from  Northumberland  and  Staflbrdshire  to  mere 
stumps.  It  has  been  noted  that  this  wearing  process  has 
obliquely  truncated  the  Northumbrian  specimens  in  their 
anterior  aspect ;  but  in  those  from  Borough  Lee  evidence  of 
wearing  is  sometimes  found  on  the  posterior  aspect  as  well. 
These  circumstances  would  lead  us  to  infer  some  difi'erence 
either  in  the  habitat  or  the  habits  of  the  species  in  question. 


I 
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Oi/nicanlkiia  younyii  (Tmq.),  Geol.  M«g.,  dec.  ii..  voL  x.,  1883,  p.  643. 

Occurring  also  at  Borough  Lee,  but  found  likewise  in  many 
other  localities  on  the  horizon  of  the  Scottish  "  Edge  "  Coal 
or  Middle  Carboniferous  Limestone  series,  ia  a  remarkably 
distinct  species  of  Gyramnthus,  to  wliich  I  have  given  the 
name  G.  Yoimgii,  in  honour  of  my  friend  Mr  John  Young, 
of  the  Hunterian  Museum,  Glasgow,  who  has  done  so  much 
for  the  elucidation  of  the  palaeontology  of  the  west  of  Scot- 
land. The  finest  specimens  I  have  seen  are  in  the  collection 
of  Mr  R.  Craig,  Beath,  Ayrshire,  and  are  from  the  shale  over- 
lying the  Clay-band  Ironstone  at  Earkip,  Dairy.      I  have 

'  Pouibly  it  is  not,  aa  AgaEsiz  neVL-r  saw  the  specimen,  but  drew  up 
Ills  dBScription  from  a  dratt'ing  aeut  to  him  bj  Mcbsch  Buoklind  and  Do 
la  Beche.  A«  reprodaced in  theplnto  in  tlie  "FoiBBonafassUea,"  this  druwing 
looka  Ulti;  a  very  hnrrieJly  executed  peu-ind-ink  sketch,  from  which  it  ia 
quite  impoBsible  to  identify  anythiDg.  Under  these  ciraumatances  I  doubt 
whetber  tlie  t«rm  " alnvHnnau"  haaan;  more  value  than  a  mei«  mannaoript 

OMIM. 
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also  seen  specimens  from  Bo'ness  in  Linlithgovshire  (collec- 
tion of  Mr  H.  M.  Cadell),  Fossil  in  Lanarkshire  (collection  of 
Mr  John  Young),  Cowdenbeath  in  Fife,  and  Maryhill  Dear 
Gla^ow. 

These  are  large  spines,  some  of  which  must  have  attained 
a  length  of  over  2  feet,  had  not  their  apices  been  worn  otL 
They  always  show  some  amount  of  kteral  currature ;  bnt  the 
degree  to  which  they  are  antero-posteriorly  bent  is  very 
variable;  some  are  indeed  in  that  direction  nearly  quite 
straight. 

The  first  salient  point  which  strikes  the  eye  is  the  great 
size  of  the  inserted  or  non-sculptured  portioti,  which  is  not 
only  broader  and  more  expanded,  but  extends  further  beyond 
the  sculptured  part  proximally  than  in  any  other  Bpedea 
The  anterior  middle  line  on  which  the  gyrating  ridges  meet 
does  not  cut  equally  the  very  acute  angle  formed  proximally 
by  the  sculptured  part ;  but  in  this  case  the  larger  division 
is  found  on  the  subgibbous  side,  this  being  due  to  the 
encroachment  of  the  non-sculptured  part  on  the  gibbous 
aide.  It  is  next  to  be  noticed  that  the  shaft  of  the  spine 
after  the  cloaure  of  the  sulcus  is  more  cylindrical  than  in 
other  species ;  still  the  want  of  bilateral  symmetry  is  very 
obvious,  and  a  gibbous  and  subgibbous  side  may  be  dis- 
tinguished. The  posterior  groove  is  sometimes  not  apparent 
for  some  distance  after  the  closure  of  the  sulcus,  or,  though 
indicated,  it  may  be  filled  with  tubercles ;  sooner  or  later  it 
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ridges  are  also  rather  less  oblique  on  the  subgibbous  than  on 
the  gibbous  side ;  on  the  former  they  are  in  fact  sometimes 
nearly  transverse ;  a  cert,iin  amount  of  sigraoidal  curvature 
is  assumed  after  tbe  middle  of  the  spine,  the  anterior 
extremities  of  the  ridge  turning  slightly  towards  the  apex, 
their  posterior  extremities  towards  tbe  base.  Only  towards 
the  ajiex  have  the  ridges  any  marked  obliquity  in  their 
middle  portions,  and  there  they  often  also  become  wavy,  Tbe 
gyrating  ridges  are  closely  tuberculated  over  their  whole 
extent,  except  towards  the  apex,  where  the  tnberculation 
tends  to  become  irregular.  The  amount  of  apical  wearing  is 
very  variable. 


VII.  On  the  Occurrence  of  the  LUtle  Gull  {Lams  minutus)  in 
the  Island  of  North  Uiat ;  loUh  Remarks  on  the  Objects  of 
the  International  Ornithologists'  Confess  at  Vienna,  and 
on  Uniformity  of  Method  in  recording  Rare  Species  in 
future.  By  JoHN  A,  Harvie-Brown,  Esq.,  F.RS.E., 
F.Z.S.,  President. 

(Remi  19th  December  1893.) 

This  rare  British  bird  was  shot  upon  the  Ist  of  November 
last,  by  Mr  John  Macdonald,  Sir  John  Campbell  Orde's  factor 
at  Newton,  North  Uist.  It  was  seen  on  t'le  island  of  Bemera, 
Sound  of  Harris,  the  day  before,  and  when  shot  in  North 
Uist  it  was  found  to  have  one  foot  awanting. 

The  above  are  all  tbe  particulars  I  have  been  able  to 
obtain  regarding  this  specimen,  which  is  evidently  a  young 
bird  of  the  year,  probably  bred  on  the  Kussian  lakes  this 
past  summer.  It  is  obligingly  lent  for  exhibition  by  Mr  J. 
D,  Dougal,  gunmaker,  Glasgow,  to  whom  it  had  been  sent 
for  preservation,  and  to  whom  the  Society's  thanks  are  due 
for  this  opportunity  of  exhibition. 

From  already  published  accounts  of  the  distribution  of  the 
species  {vide  Dresser's  "  Birds  of  Europe  ")  it  would  appear 
that  its  usual  lines  of  migration  are  as  follows:  Prior  to  1806, 
very  rare  in  Britain,  though  several  obtained  on  tbe   Nor- 
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thamberlaDd  coast,  and  seen  od  Faroe  Islands.  In  1866, 
several  obtained  on  the  Yorksliire  coast.  In  1868,  Mr  J.  H. 
Guruey,  jun.,  obtained  eight,  also  from  the  Yorkshire  coast 
Before  1870,  most  had  occurred  in  October  and  November. 
In  Scotland,  of  very  rare  occurrence.  Localities — East  Lothian, 
Wigtownshire,  and  SutberlaodshirG  since  added.  Formerly 
bred  in  Qottland,  now  extinct  there;  occasional  in  Denmark; 
and  has  occurred  in  Heligoland.  Eastern  in  its  range  as  for 
as  Europe  is  concerned ;  only  occasionally  occurring  on  the 
Baltic  and  at  the  mouths  of  rivers  in  Germany  during 
migration.  Also  included  in  a  list  of  Livunian  birds.  Occa- 
sionally visits  the  Swiss  lakes.  Of  rare  occurrence  in  Hol- 
land, but  small  flocks  at  intervals  observed  on  the  coasts.  A 
few  pairs  have  been  known  to  breed  on  the  "  Hook  of  Hol- 
land." Very  uncertain  in  Flanders;  a  few  killed  at  the 
mouth  of  the  Scheldt  and  in  the  south  of  France.  Not 
recorded  from  Spain.  Common  on  the  south  coast  of  Sicily, 
and  appears  in  spring  on  the  Tiber.  Common  in  the  Bay  of 
Catania.  Some  years  plentiful  in  Malta.  Accidentally  in 
Algeria.  Common  in  winter  in  the  Ionian  Islands.  Nume- 
rous in  Greece  and  Macedonia  in  spring.  Breeds  in  I^oga 
and  Onega  Lakes  in  Russia,  and  in  the  salt  lakes  of  the  south 
of  Bussia;  and  eastward  to  the  Lena  (Meddendorff).  It  was 
searched  for  in  vain  by  WoUey  in  Oland  in  185C.  Said  to 
have  bred  as  far  north  as  Archangel  (Meves).  Occurs  in 
Transylvania  in  late  spring. 
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ground  it  met  with  on  its  course  {vulf  "  Migration  Eeports, 
General  Remarks,  especially  1882,"  pp.  53,  63,  69). 

I  have,  I  think,  before  this  made  the  remark  that  in  the 
event  of  any  Ornithologist  or  sportsman  shooting  specimens 
and  recording  the  occurrences  of  rare  species  of  birds  upon 
our  coasts,  or  in  any  of  our  British  Counties,  not  only  should 
the  date  and  locality  of  the  specimens  be  cai'efully  recorded 
and  the  latter  described,  but  also — and  this,  now-a-daya,  ia 
really  the  most  important  item  in  the  connection — the  state 
of  the  weather  for  the  two  or  three  or  more  days  previous 
to  its  first  appearance,  and  at  the  time  of  its  capture,  the  force 
and  direction  of  the  wind — if  possible  both  upper  and  lower 
currents — and  the  state  of  the  birds'  health,  whether  starved 
and  thin,  or  plump  and  in  good  condition.  The  items  could 
easily  be  noticed  at  the  time,  and  if  recorded  would,  before 
long,  accumulate  and  greatly  assist  students  of  migration. 
Another  point  ia  that,  when  birds  are  so  observed,  it  should 
be  noted  whether  they  appear  to  be  purauiug  a  migi-ation  at 
the  time,  or  whether  they  are  resting  or  feeding,  and  whether 
solitary  or  in  a  Hock ;  and  the  direction  of  flight,  if  actually 
on  migration,  should  be  carefully  recorded,  and  also  the  age 
and  sex  of  the  specimens  obtained. 

I  would  like  to  impress  the  importance  of  recording  theae 
data  upon  our  British  Ornithologists,  and  others  who  obtain 
or  record  rarities  in  future.  If  such  records  had  been  kept, 
say  since  1843  (the  date  of  the  publication  of  tlie  lat  volume 
of  the  "Zoologist"),  what  an  immense  mass  of  really  valuable 
matter  would  have  been  accumidated  in  the  forty-two  volumes 
of  that  periodical  alone,  not  to  speak  of  others  of  our  Scientific 
Serials  and  Procttdings  of  Scientific  Societies.  I  believe  it 
would  not  he  too  much  to  say,  that  had  this  been  done,  and 
pursued  upon  an  uniform  and  scientifically  con-ect  basis,  the 
great  mystery  of  migration  would  have  been  solved  long  ago, 
If,  owiug  to  want  of  experience  hitherto,  we  have  failed  to 
record  the  most  importiint  points  in  connection  with  the 
occurrences  of  rare  birds,  at  least  let  us  not  in  future  fail  in 
this  respect ;  and  let  any  one  who  has  a  rare  bird  or  butterfly 
or  other  insect  foreign  to  our  British  Fauna  to  record,  never 
after  this  forget  that  the  record  is  imperfect  unless  acconi- 
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panied  by  these  particulara,  so  far  as  available;  and  of 
course  the  more  minute  and  perfect  these  are,  the  better, 
and  the  sooner  will  they  be  likely  to  prove  of  scientific 
value. 

Ifow,  in  order  in  some  measure  to  supply  the  omission  in 
the  above  record  of  the  Little  Gull,  I  have  referred  to  our 
migration  schedules  for  1883. 

At  Dhuheartach  on  29tli  Octol>er  the  wind  was  S.S.W. 
with  haze,  and  wild  geese  were  seen  flying  S.E.,  while 
Btonocbats  and  thrushes  were  flying  round  the  lantern  at  5 
a.m.,  or  resting  on  the  rocks  at  12  noon. 

On  the  Slst  October  the  wind  had  gone  round  to  N.N.W., 
fresh  with  haze,  when  one  woodcock — the  first  mentioned  on 
the  schedule  since  8th  April — was  killed  by  striking  the 
lantern ;  and  a  blackbird  was  seen  "  flying  E."  This  is  the 
latest  scheduled  record  I  have  at  prcEeiit  from  this  locality. 
I  will  merely  remark  here  that  this  "flying  E"  or  "flying 
S.£."  is  the  normal  direction  of  flight  at  Dlmheartach  of 
birds  on  migration,  as  already  shown  in  our  rcirarts. 

Again,  at  MacArthur's  Head,  Islay,  nii<,Tation  was  pro- 
ceeding on  the  30th,  and  winds  were  from  W.  to  S.  with  haze. 
On  our  East  Coasts  also  prevailing  winds  were  southerly  and 
westerly,  and  a  great  migration  took  place  at  Isle  of  May 
during  the  last  week  in  October. 

From  these  parallel  data  we  arrive  at  the  conclusion  that 
the  Little  Gull  exhibited  to-night  had  got  into  the  groove  or 
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vest  over  the  sea,  and,  probably  passing  flocks  of  other 
migrants,  indicated  to  it,  even  in  its  inexperience,  the  correct 
old  lines  of  migration. 

I  have  a  paper  now  in  preparation,  in  which  I  will  much 
more  fully  discuss  and,  I  think,  satisfactorily  prove  some  of 
the  causes  and  reasons  of  migrational  phenomena.  I  have 
said  enough  here,  however,  to  make  the  record  of  this 
specimen  somewhat  more  interesting  than  a  bare  mention  of 
the  fact  of  its  occurrence,  and  I  hope  that  in  future  all  who 
record  rare  occurrences  will  see  the  importance  of  making 
their  records  complete,  on  the  lines  I  have  endeavoured  to 
indicate. 

One  of  the  principal  subjecta  for  discussion  at  the  Orni- 
thological Congress,  now  being  held  at  Vienna  under  the 
allspices  of  the  Heir-Apparent  Archduke  liodolphe,  is,  as 
stated  in  the  programme  of  the  Congress,  the  "  institution  of 
Ornithological  Observation-Stations  extending  throughout 
the  whole  world  inhabited." 

In  North  America,  already  a  lai^  scheme  has  been  set 
on  foot  for  the  purposes  of  working  out  the  phenomena  of 
migration.  This  is  a  Committee  on  Migration,  under  the 
auspices  of  the  American  Ornithologists'  Union.  All  inter- 
ested in  this  subject  should  pursue  the  programme  and 
schedules  issued  by  the  said  committee,  and  which  are  pro- 
curable from  Dr  C.  Hart  Mcrriam,  Locust  Grove,  New  York. 

In  our  own  country,  as  I  think  you  are  aware,  the  British 
Association  appointed  a  committee  iu  1880  "  for  the  purpose 
of  obtaining  (with  tlje  consent  of  the  master  and  brethren  of 
the  Trinity  House,  and  of  the  Commissioners  of  Northern 
Lights)  observations  ou  the  Migration  of  Birds  at  Lighthouses 
and  Lightships,  and  of  reporting  upon  the  same  at  York  in 
1881;"  of  which  Mr  John  Cordeaux,  Great  Cotes,  Ulceby, 
Lincolnshire,  is  appointed  secretary.  This  committee  has 
been  re-appointed  at  each  meeting  of  the  British  Association 
since  that  date,  and  has  issued  four  reports  for  1879,  1880, 
1881,  and  1882,  and  the  report  for  1883  is  now  in  the  press. 
These  reports  are  obtainable  from  Messrs  West,  Newman, 
and  Co.,  64  Hatton  Garden,  London.  Previous  to  these 
reports  of  the  committee,  Mr  John  Cordeaux  had  published 
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some  accounts  of  the  destruction  of  birds  at  lighthonses,  and 
I  myself  endeavoured  to  collect  land-data  connected  with  the 
effects  of  the  severe  winter  of  1878-79  upon  animal  life 
{Ptoc.  Nat.  Hist.  Soc.,  Glasgow,  1879,  p.  123  et  seq.),  and 
thereafter  I  published  annual  reports  on  Scottish  Ornithology 
(cp.  eii.,  1880,  pp.  291  et  stq..  aud  1881,  pp.  41  tt  »eq.)  up  to 
date  of  April  1881.  After  this  date  I  found  myself  too  busy 
with  other  matters  to  continue  these  land  reports,  as  the 
correspondence  entailed  was  very  heavy,  and  I  reluctantly 
gave  up  what  I  felt  I  could  not  continue  with  justice  to  the 
subject. 

lu  Germany  similar  reports  have  been  conducted  by  Dr 
Blasius  for  several  years,  the  title  of  the  last  report  being 
"  VII.  Jahresbericht  (1882)  dos  Auschusses  fiir  Beobeeh- 
tungsstationen  der  Yogel  Deutschlands  (Separatabdnick  aus 
Cabanis  Joum.  fur  Ornithologie.     Januar — Heft  1884)." 

I  may  also  mention  in  this  place  that  application  has  been 
made  to  the  British  Association  Migration  Committee  for 
copies  of  their  schedules  and  letters  of  instruction  from 
China  and  Japan  and  from  New  Zealand,  and  that  returns 
come  to  that  committee  also  from  Iceland,  Faroe,  Heligoland, 
and  the  Danish  coast,  as  well  as  several  from  ocean-going 
steamers. 

The  Congress  at  Vienna  will  no  doubt  arrive  at  further 
conclusions,  and  ere  long  there  will  be  a  network  of  ornitho- 
logical oliscrvfitories  nil  over  Kui'ijie. 
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109  {J.  K  Palmer),  and  April  1884,  in  which  last  I  show 
how  little  fomi-books  for  register  could  be  used  with  counter- 
foils, one-half  of  the  sheet  to  be  sent  to  the  printer,  and  the 
other,  in  duplicate,  retained  by  the  recorder — the  latter 
forming,  when  finialied,  a  useful  and  permanent  record  of  all 
rare  occurrences  in  any  given  district,  and  always  available  to 
workers  of  the  future]. 

The  following  form  may  be  modified  or  amplified,  but  we 
believe,  from  the  experience  gained  in  five  years'  work  on 
the  Migration  Committee,  that  the  items  here  given  would 
be  sufficient  for  useful  purposes : — 


LDOlltf 


^5        cE      ' I" 
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*—■  DutinitlDa'  -Has.,  Sir  J.  C.  Onlc  ■— < 
Remarks. 

This  specimen  of  the  Little  Gull  weis  shot  by  Mr  John  Macdonnlil,  foctor 
for  Sir  John  Campbell  Ordu,  Bart.,  in  utAtw  coUectimi  if  now  it.  It  ii  a 
young  bird  of  the  year,  and  wu  the  only  one  obaerved.  It  had  conio  from 
the  iiUnd  of  Bcrneni  in  the  Soanil  of  Harria,  where  it  had  been  seen  the  day 
before.  Wind  southerly  and  westerly,  and  light  for  several  days  before  and 
on  day  of  captare.  WontliEr  miaty.  Wben  it  waa  obtained,  it  wru  found  to 
bave  one  foot  awauting.  Bcrnera  is  a  sandy  isliuii],  with  a  considerable 
ahnllow  froah. water  loch,  and  a  streUh  of  line  sand  below  high  tide  miirk. 
It  has  a  GODsiderable  population,  and  in  grazed  by  a  number  of  HigbhinJ 
cattle.     The  loch  ia  full  of  eela. 


In  conclusion,  form-books,  with  leaves  for  single  records, 
would  be  useful  for  records  of  rarities,  whilst  larger  record 
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books  could  be  used  for  daily  observations  of  flocks  or  the 
movements  of  birda  and  other  pheaomena,  with  certain  modi- 
fications, and  with  the  assistance  of  contractions  and  symbols, 
such  as  *'f"  for  flock,"£F"for  flocts/'lff"  for  large  flocks^ 
"sff"  small  flocks,  etc.,  etc.  Perhaps  the  best  contractions 
and  symbols  in  use  for  daily  observations  are  those  used  for 
many  years  by  Professor  Xewton  of  Cambridge,  which  are 
deserving  of  universal  adoption,  and  are  simple  and  easy  to 
understand  (see  Tratis.  of  Noy.  and  Uorw.  Nat.  Soc.,  vol  i, 
p.  32).  For  purposes  of  records  of  distribution,  a  progressive 
system  of  symbols  has  already  been  advocated  by  me  (Ann. 
and  Mag.  Nat.  ffitt.,  1877,  July,  September,  and  December), 
which  I  still  use,  and  find  can  be  easily  worked. 


VIIL  On  the  Oceurreiux  of  the  Black  Redatart  (Ruticilla  ti^. 
Scop)  at  Pentland  Sherries,  PetUland  Firth  ;  along  with 
a  special  plea  in  favour  of  Ornithological  EdueatioK. 
By  John  A.  Hakvie-Bkows,  Esq.,  F.E.S.E.,  F^&, 

President. 

(Bud  23J  April  lesi.) 

This  specimen  of  Sviicilla  titys,  the  fifth  recorded  occur- 
rence of  the  species  in  Scotland  as  far  as  I  am  aware,  is  an 
adult  mala'  As  already  pointed  out  by  me,  on  the  occasion 
of  my  former  record,  it  has  occurred  as  far  north  as  Faroe, 
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been  observed,  and  we  would  have  more  records  year  by 
year ;  but  then  it  must  be  remembered  that  migration  is  in 
great  part  conducted  at  night,  and  it  ia  often  only  the  attrac- 
tion by  light  in  foggy  weather,  which  by  bringing  the  birds 
down  within  our  reach  of  record,  lets  us  know  of  their  pre- 
sence at  all  Were  our  lighthouae-keepora  all  equally  Bkilful 
in  detecting  the  rarity  of  many  of  their  annual  visitors — and 
naming  them — our  work  would  be  greatly  simplified,  and 
without  doubt  many  records  of  rare  birds  would  annually  be 
added  to  our  lists.  We  are  glad  to  be  able  to  say  that  the 
interest  taken  in  the  subject  has  not  diminished  amongst  those 
who  from  the  first  have  assisted  the  migration  committee 
but  has  very  greatly  increaseil,  whilst  there  have  from  time 
to  time  l>een  appeals  made  by  the  men  to  have  instructions  in 
taxidemiy,  and  books  to  assist  thera  in  the  identification  of 
rarities  or  of  birds  new  to  them.  I  mention  this  here 
because  it  may  at  a  future  time  he  in  the  power  of  some 
of  our  number  to  give  a  lesson,  or  leave  some  book  or  taxi- 
dermist's manual  at  a  lighthouse.  I  have  supplied  books  to 
a  few  of  the  important  stations,  hut  books  are  not  to  be 
obtained  for  nothing,  and  there  are  sixty-five  stations  in 
Scotland  alone.  The  best  results  have  followed  at  the 
stations  which  are  provided  with  books.  At  Isle  of  May,  Mr 
Agnew  and  his  sons,  as  well  as  the  underkeepers,  can  in  a 
great  many  cases  identify  the  rarer  stragglers.  It  is  my 
opinion  that  in  this  advanced  ago  of  education,  what  has 
been  hitherto  left  to  private  enterprise  to  accomplish  ooght 
to  be  undertaken  in  a  more  liberal  spirit,  and  that  every 
lighthouse  and  lightship  on  our  coasts  should  be  supplied 
with  a  work  on  British  birds,  with  sufficiently  accurate  por- 
traits of  every  bird  given.  I  sent  "  Mudie's  British  Birds  " 
(Bohn's  edition)  to  Mr  Agnew,  but  it  is  not  a  very  satis- 
factory production.  All  other  works  we  have  are  either  so 
expensive,  or,  where  cheap,  so  imperfect,  either  as  regards 
the  plates  or  the  text  or  both,  that  it  is  quite  beyond  the 
reach  of  any  ordinary  private  income  to  distribute  these  with 
any  satisfaction  or  hope  of  after  results.  If  the  Trinity 
House,  and  the  Commissioners  of  Northern  and  of  Irish 
Lights,  would  undertake  the  distribution  of  a  good  reference 
VOL.  VUI.  H 
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work  to  all  the  stations,  they  would  confer  a  boon  upon  the 
men  themselves,  and  lighten  many  n  tedious  hour.  When  it 
is  mentioned  that  on  the  island  of  Heligoland,  Heir  Gaetlce 
has,  during  his  thirty  years'  residence  there,  educated  almost 
every  man,  woman,  and  child  on  the  island  to  a  pitch  of  field 
ornithological  knowledge  which  is  on  a  level  with  that  of 
many  amongst  professed  naturalists,  it  is  only  to  instance 
what  might  be  done  in  this  country  by  the  judicious  expen- 
diture of  A  little  money  and  the  addition  of  a  few  mote 
yolnmes  to  the  lighthouse  Itbrariea 
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With  the  exception  of  the  white  variety  of  Tellina  crassa, 
dredged  to  the  south-west  of  Inchkeithy  in  five  fathoms 
water^  all  the  above  were  brought  in  on  the  lines  of  the 
Newhaven  fishermen,  probably  from  the  mouth  of  the  Firth, 
and  were  collected  by  myself  in  1 883-84. 

Jeffreys  mentions  that  Scalaria  trevelyana  was  found  by 
Gerard  in  the  Firth  of  Forth. 

We  are  probably  indebted  to  Captain  Laskey  for  the  dis- 
covery of  Trichotropis  barecUis,  About  the  beginning  of  this 
century  he  found  at  Dunbar  a  minute  shell,  which  he  figured 
in  the  Memoirs  of  the  Wemerian  Society,  voL  L,  as  the  young 
of  Pennant's  Murex  carinatus.  In  1841  Professor  M'GiUivray 
found  the  same  shell  at  Aberdeen,  and  named  it  Ftcsus  Laskeyi, 
but  he  afterwards  identified  it  as  the  young  of  Trichotropis, 

MoUusca  previously  recorded,  but  rare  in  the  Firth : 

1.  HtunUa  tenuis  (Mont). 

Newhaven. 

2.  Area  tetragona  (Poli). 

Newhaven.    Found  by  Mr  J.  Bobertson. 

3.  Cyprina  idandica  (Linn.). 

A  curious  distortion.    Portseaton  beach. 

4.  Venus  caMna  (Linn.). 

A  distorted  valve.    Newhaven. 

5.  Thracia  convexa  (W.  Wood). 

A  large  perfect  specimen.    Newhaven. 
Zoophytes  not  previously  recorded   from   the   Firth   of 
Forth: 

Hydboida — 

Sertnlaria  fusca  (Johnst). 

Newhaven.    From  deep  water.    November  1883. 

POLYZOA — 

Buffula  flaiellata  (J.  V.  Thompson). 

Newhaven.    November  1883. 
Cellepora  dichotoma  (Hincks). 
Newhaven,     Not  rare  on  zoophytes  from  deep 
water,   especially  HydrallmMnia  falcaia  and 
Antennularia  ramosa^    It  has  perhaps  been  pre- 
viously confounded  with  Cellepora  ramtUosa^ 
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X.  On  Seotliah  Fotsil  Cyeadaeeowt  Leaves  contained  in  Qu  Bvgh 
Miller  Collection.  By  J.  Throdore  Richards,  Esq, 
B.Sc.,  Falconer  Memorial  Fellow  of  the  UniTeraity  of 
Edinburgh.     (Communicated  by  Dr  TraqOAIB,  F.RS.) 

<RMd  23d  April  1384.) 

In  a  lecture  "  On  the  less  known  FossU  Floras  of  Scotland," 
published  in  "  The  Testimony  of  the  Itocks"  (Edinb.,  1857), 
Hugh  Miller  has  given  a  brief  description,  with  accompany- 
ing figures,  of  several  varieties  of  plant-remains  occnrriog  in 
the  Jurassic  strata  of  the  nortli  of  Scotland.  Among  them 
are  included  specimens  of  the  foliage  of  Cycadacca:,  compar- 
able with  those  which  constitute  so  great  a  part  and  so 
characteristic  a  feature  of  Jurassic  floras  elsewhere.  Stems 
belonging  to  this  order,  derived  from  the  Scottish  Oolite, 
have  had  their  characters  described  in  detail  by  Dr  OarmUiero 
in  his  monograph  "  On  Fossil  Cycadean  Stems  from  the 
Secondary  Bocks  of  Britain"  {Traiis.  Linn.  Soc,  voL  xxvi) ; 
but  the  leaves  designated  "  Zamia  "  in  the  work  above-named, 
and  now  preserved  in  the  Hugli  Miller  Cullection  in  the 
Edinburgh  Museum  of  Science  and  Art,  have  not  yet  received 
detailed  description  or  names.  The  following  notice  forms 
part  of  a  general  report  on  the  systematic  arrangement  of 
British  fossil  Cycadaceous  leaves,  wliich  has  just  been  pre- 
sented to  the   Univci-sity  of  pylirilmigli,  uinl    1  ;im  iiidebtpd 


L 


Mr  Rk/iards  on  Scoltisli  Fossil  Cycadaceous  Leaves.    117 


front  of  the  rachia  by  a  slightly  contracted  callous  base,  and 
ending  usually  in  an  acute  apex,  with  veins  which,  while 
they  have  a  general  parallel  direction,  diverge  in  passing 
outwards,  so  as  to  be  cut  off  successively  along  the  upper 
and  lower  margins  of  the  leaflet  In  Podozamites,  which  finds 
its  type  ill  Zamta  lanceolata  (L  and  H.},  another  well-known 
Scarborough  fossil,  the  segments,  mostly  slender  and  elon- 
gated, are  characterised  by  a  more  marked  narrowing  at  the 
base,  forming  often  a  kind  of  pedicel  by  which  the  leaflet  is 
inserted,  while  the  veins  usually  converge  towards  both 
extremities  instead  of  terminating  along  the  margins.  (Heer, 
who  has  made  known  many  new  species  and  varieties  of  the 
latter  genus,  suspects  that  ultimately  both  genera  may  be 
reunited  to  the  living  Zamia.)  Another  of  the  Scottish 
leaves  seems  to  be  identical  with  Ctenis  falcata  (L.  and  H.), 
an  abundant  fossil  in  the  lower  Oolites  of  the  Yorkshire 
coast.  The  remaining  one  is  not  a  Zamioid  leaf,  the  drawing 
of  it  having  been  associated  witli  the  others  in  Hugh  Miller'a 
book  by  an  accidental  error.  The  details  which  follow 
respecting  each  will  be  readily  understood  with  the  aid  of 
his  figures.  It  is  only  necessary  further  to  mention  that  the 
strata  of  Eathie,  near  Cromarty,  and  of  Helmsdale  in  Suther- 
landshire,  which  yielded  these  remains,  and  are  spoken  of  as 
Lias  and  inferior  Oolite  respectively,  have  since  been  as- 
signed by  Mr  Judd  (Quart.  Jour.  Geol.  Soc,  vol.  xxix.,  p.  181) 
to  the  upper  division  of  the  Jurassic  system.  The  relation 
of  the  specimens  here  described  to  plants  of  the  same  system 
elsewhere  is  discussed  in  each  case  below. 

Genus  Zamites — Brong.  emend. 

Zamiles  Eathimsis,  sp.  nov, 

"Zamia,"  Hugh  Miller.  Teal,  of  the  Eoeka,  p.  478,  fig,  133. 

FoUit  mayni*,  dtcim.  S  tt  v-llra  longu,  pinnii  aulntnoliM,  rachi  emiaa  per- 
ptHtUttilar^iu,  pro  taore  tuinpposilii,  milliTn.  10-13  latit,  iaei  ajnut  margmcm 
i-Kferioran  ItniMr  ccnitricla  oblicpu  iTiatriia,  partiataUibta,  ntrvia  Uniitr  divtr- 
gtalOtu*. 

This,  the  most  conspicuous  example  of  Scottish  Zamioid 
foliage,  derived  from  Eathie,  in  the  neighbourhood  of  Cromarty, 
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is  among  the  lai^r  leaves  of  fossil  Cycadac«te,  which  ara 
(limiDUtive  in  comparison  with  their  modem  representatives. 
Ita  length,  of  which  more  than  a  foot  ia  visible — its  "  stioog, 
woody  midrib/'one-tliird  of  an  inch  in  thickness,  perfectly  pro- 
served  in  cylindrical  form — its  leaflets,  half  an  inch  in  breadth, 
all  indicate  a  plant  with  dimensions  approaching  those  of 
ZamiUB  gigas.  That  it,  too,  was  a  Zamitea,  is  without  doabb 
Tho  exact  outline  of  the  leaf  cannot  be  determined,  since  the 
rachis  throughout  its  length  gives  rise  to  leaflets  of  whioh 
only  the  proximal  parts  remain,  without  any  indication  of 
the  apices,  and  these  portions  are  of  nearly  the  same  size 
and  form  iu  all  parts  of  the  specimen.  The  Iet^^  of  the 
leaflets,  therefore,  and  their  mode  of  termination  are  uncer- 
tain; but  as  the  present  state  gives  a  width  of  4  inchea, 
perhaps  6  inches  or  more  may  have  been  the  original  width 
of  the  leaf,  which  is  seen  in  back  view.  The  segments  at 
the  upper  part,  equally  with  tliosc  below,  are  at  right  anglet 
to  the  rachis,  and  all  are  separated  by  well-marked  intervals 
from  one  another.  Hugh  Miller  states  erroneously  that  they 
"  were  rectilinear,  retaining  their  full  breadth  until  they 
united  to  the  stem  at  right  angles"  {loc.  cil.,  p.  477).  The  upper 
margin  does  indeed  pass  to  the  insertion  witliout  deHectioo, 
but  the  pinnie  are  distinctly  constricted  at  the  under  margin 
of  the  base.  All  remain  attached  to  the  rachis,  the  mode  of 
insertion  evidently  rendering  the  attachment  persistent.  The 
union  takes  place  in  an  oblique  direction,  so  that  the  leaflets 
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think,  to  identify  the  two,  if  no  other  information  were 
available.  The  complete  descriptions,  however,  and  numerous 
drawings  by  Saporta  of  the  French  plant  {Pai.  Fran^ise, 
V^etavx  Jurasai^iies,  vol.  ii.,  Cycadics,  p.  99  and  plates)  have 
prevented  me  from  doing  so.  From  these  it  appears  that 
Z.  Feneonis  never  attains  the  dimensions  of  the  Scottish 
specimen,  while  it  is  usually  much  smaller,  and  often  quite 
small  The  imperfection  of  the  example  makes  it  uncertain 
whether  the  breadth  of  the  leaf  was  as  great  in  proportion  to 
its  length  as  is  the  case  in  Z.  Feneonis,  nor  can  it  be  deter- 
mined whether  the  leaflets  were  of  the  same  acuminate  form. 
These,  as  already  stated,  do  not  at  any  part  of  the  specimen, 
throughout  the  12  inches  seen,  depart  from  the  strictly  hori- 
zontal direction,  nor  are  they  ever  contiguous  to  one  another. 
In  Z.  Fcjieonis,  on  the  other  hand,  the  leaBets  are  usually 
contiguous,  or  much  more  close  together,  and  at  the  apex  of 
the  leaf  they  are  suberect  and  narrow,  Their  width,  in  the 
largest  examples  figured,  does  not  exceed  one-third  of  an  inch, 
whereas  in  all  parts  of  the  Eiithie  fossil  they  have  a  breadth 
of  half  an  inch ;  so  that  while  the  foreign  species,  alike  in  the 
older  and  more  recent  figures,  has  at  least  eleven  to  thirteen 
leaflets  on  each  side  in  the  space  of  4  inches,  we  have  only 
seven  in  the  same  space.  The  insertion  of  the  pinnae  and 
the  stout  rachis  of  Z.  Fc-neonis  (not  the  var,  ariieulatus.  Sap.), 
as  represented  in  both  places,  seem  to  be  almost  identical 
with  the  condition  in  the  leaf  before  us,  but  that  the  lower 
margin  is  in  both  ot'teuer  shown  to  be  straight,  while  in  this 
it  is  the  upper.  Lastly,  tliere  is  scarcely  indicated  in  Z. 
Fencmiis  any  departure  from  a  strictly  alternate  arrangement 
The  only  otlier  form  of  considerable  size  with  which  the 
specimen  could  be  compared  is  Z.  Moreaui  (Erong,),  which 
differs  in  some  of  the  same,  and  in  other  respects.  There 
eeenis,  therefore,  good  reason  for  the  description  of  the  Scot- 
tish fossil  as  a  new  species  of  Zaniitea.  A  remark  of  Saporta 
on  the  comparison  of  different  species,  some  of  them  new, 
whioh  he  describes,  may  here  be  quoted :  "  II  ressort  du  reste 
de  cette  6tude  comparative  la  conviction  que  les  Zamites  cou- 
slituaieut  dans  la  ilore  jurassique  uue  groupe  tris-compacte 
de  formes  revStues  d'uue  physionomie  commune,  sensible- 
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ment  la  mSme  pom  toates,  et  chez  lesqnelles  de  faiblea  dif- 
fSrencea  suffisoient  pour  motiver  dea  diatiDCtiong  spi^cifiqneB  " 
(loe.  ciL,  p.  96).  The  close  resemblaDco  of  the  plant  to  the 
Corallian  species  of  France  will  be  noticed  in  connection 
with  the  position  assigned  to  the  Eathie  rocks  in  the  memoir 
already  cited. 

GknuB  PodOZAHITES — Fr.  liraun  emend. 

Padozamites  Millcri,  Bp.  nov. 

"Zamia,"  Hugh  Millar,  T««t  oftlio  Bocks,  p.  479,  fig.  tS7. 

FotiM  Taehi<KUidauaiia,  pinnit  apprtaivuUis,  n-gularibut,  tneto-jialammiu, 
emltm.  7-8  lotigit,  miliim.  7-9  npra  batin  latin,  liiieari-lannvlalit,  ikkmumIu, 
idft  suHta/ert  mar^ru  tuptriorc  dijUxo  tn  ftdiodlMia  hnvtm  angvttO^. 

The  Specimen  now  to  be  described  is  from  the  Oolite  of 
Helmsdale.  It  is  stated  by  tlie  anther  very  closely  to  re- 
semble Lindley  and  Hntton's  Zamia  lanceolata  {P.  laneeolatut 
var.  tftnuinus),  but  that  the  leaflets  "  contract  mnch  more 
suddenly  from  their  greatest  breadth  than  those  of  lanceolata 
into  a  pseudo-footstalk ;  and  the  contraction  takes  place,  not 
almost  equally  on  both  sides,  as  in  that  species,  but  almost 
exclusively  on  the  upper  side."  To  tliis  must  be  added  the 
greater  uniformity  in  size,  shape,  and  arrangement  of  the 
leaflets,  which,  as  will  be  seen  from  the  figure,  pass  obliquely 
outwards  in  a  very  regular  manner.  Their  size  and  outline, 
excepting  so  far  as  the  base  is  different,  are  very  much  those 
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above  the  insertion,  beyond  which  it  gradually  narrows  to 
the  apex.  Below  thia  point,  the  lower  margin  turns  up 
slightly  to  the  pedicel  with  great  uniformity  in  each  segment, 
while  the  upper  margin,  with  equal  constancy,  descends  in  a 
nearly  vertical  direction  for  some  distance,  until  it  joins  the 
pedicel  and  becomes  its  upper  border.  P.  lanceolalus  itself 
varies  in  the  mode  of  formation  of  the  pedicel ;  thua,  in  the 
type  genuinus  either  margin  may  turn  in  more  at  the  base 
than  the  other,  while  in  the  var.  Eichwaldi  the  leaflets  appear 
to  be  usually  symmetrical  at  the  base,  but  the  regularity 
which  characterises  the  Scottish  specimen  in  this  and  every 
respect  is  against  regarding  it  aa  another  variety  of  the  same. 
In  the  direction  and  arrangement  of  its  leaflets,  and  to  some 
extent  also  in  their  form  and  insertion,  it  has  more  analogy 
to  P.  angitstifolius  (Eichw.),  but  in  this  the  lower  margin  is 
the  one  which  is  uniformly  most  curved  to  meet  the  decurrent 
pedicel,  and  the  leaflets  are  much  more  slender.  The  forms 
with  which  comparison  is  thus  suggested  belong  to  the  lower 
and  middle  Oolites  of  various  countries. 

Fodozamiies  Hferianiia,  sp.  nov. 

"ZBniia,"HnghMillKr,  Test,  of  thoRooka,  p,  478.  fig.  136. 

FUii*  majiueidii,  pinnia  atputtiier  diftantibui,  freeto-patrnCilma,  linearibiD, 

ccntiin.  12  circa  Imigii,  milliiii,  S-IO  lalia,  bariti  verna  Umgi  et  setuim  emgua- 

lalis,  apict  aaitii  vtl  tubaciiia. 

The  thiril  specimen  belongs  also  to  the  genus  Podommitet, 
which  has  been  so  much  extended  by  recent  research  in  all 
parts  of  the  world.  Thia  consists  of  a  portion  of  a  frond, 
with  long  and  narrow  leaflets  in  relation  to  a  rachis,  from 
which,  however,  most  of  them  are  detached,  although  still 
retaining  their  order.  Only  one,  which  lies  separate  from  the 
rest,  is  nearly  perfect ;  the  termination  of  the  others  is  not 
seen.  They  were  not  less  than  4i  inches  long,  and  at  their 
widest  part  only  |  inch  broad.  Tins  is  reached  nearly 
3  inches  from  the  base,  and  throughout  this  distance  they 
slowly  narrow  to  their  insertion,  contracting  also  in  the 
opposite  direction .  to  probably  an  acute  or  subacute  apex. 
They  are  arranged  with  considerable  regularity  at  a  slight 
distance  from  one  another,  forming  acute  angles  with  the 
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rachie.  The  veins  are  BufRciently  distiact,  as  shown  in  the 
drawing.  No  species  previously  described  seems  to  possess 
chajscters  correspondiDg  with  the  above.  F.  anguetifolvtt 
(Eichw.)  is  perhaps  the  nearest,  but  it  ia  much  smaller,  tlie 
leaflets  in  Eichwsld's  figtue  (Ltth.  liotsica,  voL  iL,  tab.  it, 
fig.  7),  which  is  of  natural  size,  having  but  half  the  length 
and  width  of  these ;  their  greatest  width  occurs  near  the  bos^ 
where  they  are  therefore  most  approximated,  and  &om  which 
they  gradually  narrow  outwards.  The  fragmentary  specimens 
figured  by  Heer  {Bdtr.  zur  Fost.  Flora  Spitzbergms,  tab.  vii, 
f.  8-11,  viii.,  2e,  6;  Btitr.  z.  Jura.  Fl  Ott.  Sibir.  u.  d.  Amur- 
tandes,  tab.  xxvi,  f.  11 ;  Scilr.  z.  fosa.  Fl.  Sib.  u.  d.  AmitrL, 
tab.  v.,  f.  lib.)  with  tliia  name  are  somewhat  difficult  of 
determination.  There  can  therefore  be  little  hesitation  ia 
assigning  to  the  leaf,  derived  from  the  same  locality  as  the 
last,  the  position  of  a  new  species,  wliich  1  have  dedicated  to 
the  memory  of  Dr  Heer. 

?  Ctenis  falcata — L.  and  H. 

"Zainia,"Uugh  Milter,  Test,  ot  tho  Itockii,  p.  17S,  lig.  13&. 
I  um  unable  to  separate  from  this  well-known  Scurboroi^h 
species  the  leaf  here  figured  from  the  Oolite  of  Helmsdale. 
The  specimen  is  of  the  same  size  as  the  Yurkshire  plant;  its 
leaSets  have  the  same  form  and  arrangement,  the  same  mode 
of  insertion,  and  apparently  tlie  same  venation.  Division 
and  anastomosis  of  veins  ore  not  indeed  to  he  detected,  but 


Mr  R.  JCidslon  on  Pecopteris  in  Circinate  Vernation.     123 

Hugh  Miller  haa  himself  suggested  the  identity  on  a  label 
affixed  to  the  specimen,  although  it  is  not  so  spoken  of  in 
the  work  where  it  is  figured.  It  may  be  remarked  that  the 
figure  shows  a  singular  resemblance  to  that  by  Tate  of  the 
smaller  leaf  Palwoxamia  BuhUIgei  (DiooniUs  Ruhidgei,  Sch.) 
from  South  Africa  {Quart.  Jour.  Qeol.  Soc,  vol  xxiii,  p.  145, 
pL  v.,  fig.  3).  The  likeness,  however,  disappears  in  the  en- 
larged drawing  of  a  single  leaflet  of  the  latter.  Palaioiitolo- 
gists  are  not  agreed  whether  Cttnis  is  a  cycad  or  a  fern. 

With  reference  to  the  remaining  figure  in  the  "  Testimony 
of  the  Rocks"  which  bears  the  name  of  "Zamia"  {p.  477, 
fig.  134),  it  has  to  be  remarked  that,  after  describing  the 
Zamioid  foliage,  the  author  goes  on  to  refer  in  some  detail  to 
the  group  of  simple-leaved  ferns,  including  Twniopteris,  and 
indicates  his  own  belief  that  certain  large  Scottish  specimens 
which  would  usually  bear  this  uame  may  be  tridy  Zamioid. 
It  is  one  of  these,  doubtless,  which  is  figured,  with  the  name 
of  "  Zamia  "  attached,  in  this  place,  where  it  has  apparently 
btien  inserted  in  cn'or  by  those  who  assigned  to  some  of  the 
drawings  their  position  and  name  after  the  author's  death. 
(See  note  prefixed  to  the  work.)  Its  interpolation  here 
among  the  other  four  figures  we  have  quoted  (figs.  133, 135, 
13t),  137),  representing  plants  mentioned  in  corresponding 
order  in  the  text,  has  confused  the  references  to  these ;  and 
we  find  further  on  (p,  484)  that  it  is  required  to  complete 
the  illustration  of  Tseniopteroid  plants  as  there  described. 
Leaves  of  this  kind  are  still  included  among  ferns,  especially 
several  of  great  si:ie  in  the  genus  Macrotecitioptcris  (Sch.), 


XI,    On  a  Specimen  of  Pecopteris  (f  polymorpha,  Sro7ign.) 
in  Cirdnale   Vernation,  with  Remarks  on  the  Genera 
Spiropteris    and    Ehizoraopteris    of  Schimper.      By 
ROBKBT  KiDSTOM,  Esq.,  F.G.S.     [Plate  V.,  Fig.  1.] 
tKwul  leth  Decembsr  1883.) 

Although  the  beautiful  specimen  which  forma  the  subject 
of  this  communication  does  not  throw  any  additional  liglit  on 
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the  growth  of  fossil  fems,  yet  u  none  of  the  fit^nrea  of  droin- 
ate  vernation  with  which  I  am  acquainted  surpaaa  Uiis 
example,  I  have  ventured  to  give  a  short  description  and  a 
figure  of  it. 

The  foasil  is  about  3  inches  long ;  but  if  we  meaaure  the 
full  length  of  the  circinately  rolled-up  portion  as  if  it  were 
Btraightened  out,  it  is  fully  6  inches  in  length.  The  spedinen 
is,  however,  incomplete  at  its  lower  extremity ;  so  ita  original 
size  cannot  now  be  ascertained. 

The  rachis  is  thick,  and  still  shows  slight  traces  of  tlie  little 
scales  with  which  its  surface  was  once  covered.  The  inner 
side  of  the  rachis  bears  about  thirty-three  circinately  roUed-up 
pinnie.  These  show  nothing  further  than  the  midriba  of  the 
pinnules  which  appear  as  strongly-defined  ridges.  There  is 
no  evidence  in  the  specimen  itself  to  indicate  the  species  to 
which  it  belongs ;  but  from  the  occurrence  of  fragments  of 
Peeopteria  polymorpka  (Brongn.)  on  the  same  alab,^  it  probebly 
belongs  to  that  fern. 

The  specimen  is  in  the  collection  of  the  Geolc^cal  Survey 
of  Great  Britain,  to  whom  it  was  presented  by  Mrs  Stockhonse 
Acton. 

My  thanks  are  due  to  Dr  A.  Geikie,  F,H.S.,  Director- 
General  of  the  Geological  Survey  of  Great  Britain,  for 
permission  to  describe  tliis  interesting  fossil 

Position  and  Locality. — From  the  Coal-measures,  Leebot- 
wood,  about  nine  miles  from  Shrewsbury. 
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Several  very  interesting  examples  of  Spiropteris  have  been 
already  described. 

In  1828  Brongniart^  figured  a  >S/nrop(em-condition  of  Pec. 
Miltoni  (Artis),  wliich  shows  a  few  of  the  pinna  spirally 
coiled. 

Goppert  gives  a  figure  of  circinate  vernation  of  Pec- 
Jdgcri.'  It  exhibits  a  very  young  condition  of  probably  a 
whole  frond.  He  also  gives  another  specimen  of  Spiropteris 
on  his  PI.  xxxvL,  Fig.  8. 

Probably  the  most  interesting  figures  of  Spiropteris  are 
those  given  by  Germar,"  which  he  named  Sdaginites  Erdmmini. 
These,  aa  Schimper  has  pointed  out,  are  not  Lycopods, 
but  young  ferns,*  and  referable  to  Spiropteris.  Though  the 
specimens  are  of  considerable  size,  they  show  merely  tlie 
early  condition  of  a  large  frond.  The  dense  covering  of 
scales  with  which  they  are  bedecked,  gave  rise  to  the 
mistaken  opinion  tliat  the  fossils  were  Lycopods  and  the 
scales  their  leaves. 

A  small  specimen  of  Pec.  arhorescens  (Schl.  sp.)  in  circinate 
vernation  has  been  figured  by  Geinitz  in  his  "  Verst.  d.  Stein- 
kohlenform.  in  Sachen."  * 

Sir  C.  J.  r.  Bnubury  described  a  very  curious  fossil  fern 
from  the  Sydney  Coal-field,  Cape  Breton,*  which  showed 
portions  of  a  frond  in  circiuation. 

This  specimen  beautifully  exhibits  numerous  long  scales 
on  the  rachis.  Some  of  the  lateral  pinnte  are  fully  expanded; 
but  these,  unfortunately,  are  not  sufficiently  well  preserved 
to  enable  one  to  determine  the  species  to  which  the  fern 
belongs.  Bunbury  regarded  it  aa  a  Pecopteris  standing  in  the 
neighbourhood  of  P.  plumosa  (Brongn,). 

From  the  scales  on  the  rachis  Mr  R.  Brown,  who  found 
the  specimen,  "  supposed  it  to  belong  to  a  peculiar  species 


>  Hiat.  d.  Vigit  Few.,  p.  33*,  pi.  Ciiv.,  fig.  1. 

>  Di«  foBNilen  Farmkrauter,  p.  SSS,  pi.  xxa.,  Rg.  &a  (183S). 

*  Dio  Varst.  d.  Steinkohlsngebirges  t.   Wettia   u.   LfilHylln,   p.   81,   pi. 
;vi.  (1844). 

*  Schimper,  TralU  d.  Pal.  V^g.,  vol.  L,  p.  BSD, 
"  P.  24,  pi.  xiviii.,  Eg.  10  (1865). 

"  Qnitt.  Joum.  Geol,  Soc,  Tol.  »iii.,  p.  81,  pi.  i.  (ISB!). 
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of  Lcpidodendron ; ""'  but  tliere  can  remain  no  doubt  as  to  the 
fossil  being  a  fern  referable  to  Spiropteris. 

The  same  writer  in  1857  *  figured  and  described  a  specimen 
of  Neuropteris  (probably,  aa  suspected  by  the  author,  New, 
gigantea,  Stemb.)  circinately  coiled,  from  Glodwick  Collieiy, 
near  Oldham,  I^ncashire. 

f^mples  of  Nearopteris  id  this  condition  are  even  more 
rare  than  those  of  Pecopteria. 

The  figure  which  accompanies  hia  paper  shows  a  very 
perfect  example  with  the  usual  accomimnying  scales  on 
the  rachia 

Mr  T.  Stock  has  shown  me  a  small  circinate  specimen 
of  yeuropteris  from  the  Coal-measures  near  Dysait,  Fife ; 
but  this  one  probably  belongs  to  N.  Loshii  (Brongn.),  as  it 
was  associated  with  that  fern. 

In  the  "  Illustrations  of  Fosail  Plants,"  which  consists  of  a 
reproduction  of  a  number  of  unissued  plates  prepared  by 
Lindley  and  Hutton  for  their  "  Fossil  Flora,"  three  good 
figures  of  SpiropUria  are  given.* 

Plates  xIt.  and  xlvii  are  referable  to  NtvTopterix,  but 
of  that  on  PI,  xlvi.  the  genus  is  uncertain.* 

In  a  paper  on  Sphtnopteris  ajfinis  (L  &  It.),*  Mr  C,  W.  Peach 
gives  some  good  figures  of  the  young  state  of  this  fern. 
His  figures  6  and  7  show  very  clearly  the  chBracteristic 
dichotomy  of  the  rachis  of  this  species. 

The  aliove  ia  a  liat  of  the  chief  I'lilipozoic  pxatiijiles  of 
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in  general  appearance  to  Spiropttris,  are  most  probably  quite 
different  in  nature,  For  these  Schimper  has  proposed  the 
name  Jthisomoptcris} 

In  this  genus  Schimper  placea  the  specimens  which  Geinitz 
has  figured  ^  as  Selaginites  Erdmatini,  believing  them  to  be 
fern-rhizomes ;  and  certainly  the  fossils  in  question  have  a 
great  resemblance  to  snch  structures. 

There  can  be  no  doubt  as  to  Geinitz's  plants  being  quite 
distinct  from  those  originally  described  under  the  same  name 
by  Germar.' 

Schimper  also  places  in  his  Mhizomopteris  the  Sdagoniies 
undnnatus  (Leaqx.).* 

Lesquereux,  though  he  says  the  specimen  cannot  positively 
be  referred  to  the  Lycopodiacete,  atill  keeps  it  separate  from 
Rhizomffpteris,  and  includes  it  in  Lyropoditea  (L,  uncimmtus).^ 

I  am  inclined  to  regard  this  fossil  as  the  rhizome  of  a  fern ; 
and  the  spiral  terminations  of  several  9f  the  branches,  wliich 
appear  to  be  the  chief  character  that  prevents  Leaquereux 
from  regarding  his  plant  aa  a  rhizome,  are  most  probably 
spirally- coiled  young  fronds  springing  from  the  points  of  the 
bmnchlets  of  the  rhizome. 

From  the  nature  of  the  fossil  and  the  state  of  its  preserva- 
tion, there  is,  however,  room  for  difi'erence  of  opinion  as  to  its 
true  nature. 


XII.  On  a  New  Species  of  Schutzia  from  Ike  Calciferous 
SaridstoTies  of  Scotland.  By  Eobeht  Kidston,  Esq., 
F.G.S.     [Plate  V.,  Fig.  2.] 

(Read  IDtli  December  1883.) 
Schtdtia  Bennieana,  n.  s,,  Kidst. 
Specific  character. — Fruit  campanulate,  composed  of  linear 
lanceolate  bracts;  pedicels  of  fruits  short  and  placed  spirally 
on  the  axis. 

*  Schimper,  I.  c,  vol.  l,  p.  8B9  (1869). 

*  Oeinitz,  I.  e.,  pi.  i. ,  Gga.  E  and  6. 

■  Qeinit!  flgnrca  in  his  "  Flora  dar  Kohlenform.  v.  Hainichen-Eheradorf  n. 
Flbher-Onckelaberg,"  p.  C6,  pi.  xiv.,  lig.  20,  a  plant  which  he  also  names 
S.  Brdmamii.     This  nppeara  to  be  only  a  badly.pre«iTed  Ltpidodnidron. 

*  Gool.  Sunreyof  Illin.,  voL  ii..  p.  4*6,  pi.  xli.,  %.  3(1868). 

■  Coftl-FIoTS  of  Pennsflvuiia,  p.  8£9  (18B0). 
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Remarks. — The  specimen  oa  which  the  above  description 
ia  based,  ahows  the  upper  portion  of  a  fructification,  bnt  its 
lower  part  is  broken  over,  bo  that  its  original  length  cannot 
now  be  determined.  The  pott  which  haa  been  piesenred  is 
3-^  inches  long. 

Only  three  fruits  are  attached  to  tiie  stem,  the  terminal  one 
and  two  immediately  beneath  it 

Below  these  are  seen  the  scais  from  which  fonr  others  have 
fallen.  The  spiral  arrangement  of  the  fruits  is  clearly  shown 
by  the  position  of  those  which  still  remain,  that  on  the  right 
being  placed  at  about  a  third  of  the  circumference  of  the 
stem  distant  from  the  one  to  the  left  hand. 

The  bracts  of  the  little  cones  are  about  half  an  inch  long, 
narrow,  and  terminating  in  a  sharp  point,  and  they  appear  to 
have  had  a  central  keel.  From  the  compressed  state  of  tho 
fossil  it  is  impossible  to  make  out  their  arrangement  clearly, 
but  they  were  probably  placed  in  a  few  spirals. 

The  stalks  to  which  they  are  attached  are  short,  being 
barely,  in  the  longest  and  lowest  example,  the  iifth  of  an  inch 
long.    The  main  axis  is  irregularly  striated  longitudinally. 

Affinities. — This  plant  is  closely  related  to  Schutzia  anonutla 
(Geinitz)/  from  the  Rotbliegenden  of  Ottendorf,  near  Braunan, 
Bohemia;'  but  the  diflerences  between  the  Permian  and 
the  Scotch  plant  are  such  as  to  necessitate  a  specific 
designation. 

They  agree  iu  the  spiral  arrangement  of  the  little 
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arranged  in  a  few  short  rowa.  Tlieae  often  appear  blunt,  but 
Geinitz  thinka  tliia  blimtneaa  may  arise  through  a  bending  of 
their  apices. 

Schutzia  Bennieana  teaches  nothing  as  regards  internal 
structure ;  but  in  S.  anomala,  Geinitz  thought  he  could 
discover,  "at  the  base  of  the  inner  side  of  the  fruit-scalea, 
the  appearance  on  each  side  of  a  longitudinal  depression, 
which  corresponded  to  the  two  aeeda  in  the  fmit-scales  of 
Coniferse." 

In  addition  to  the  plates  of  Sehuizia  given  by  Goppert, 
he  also  figured  another  fossil,  which  he  named  I>ictyothcdamiis 
Sckroliianus} 

This  he  thought  might  belong  to  Schutzia  anomala,  the 
latter  being  the  female,  the  former  the  male  plant.  These 
occurred  together  and  often  on  the  same  slab. 

The  central  part  of  Didyothaiamus  is  compoaed  of  small 
elongated  roundtah  bodies,  which  Goppert  thought  were  the 
seeds. 

He  believed  these  fossils  might  belong  to  the  Ncsggerathiir, 
but  Geinitz  regarded  them  as  coiiifeTOus, 

As  there  occurred  with  the  specimens  N<eggeTathia  {Cot- 
daites)  and  Coniferte  of  different  genera,  aa  Walchia  piniformia 
(Schl.,  sp.),  and  Ullmannia,  no  light  is  thrown  on  the  affinities 
of  Schutzia  by  the  vegetable  remaina  with  which  it  waa 
associated. 

But  that  it  does  not  belong  to  Waln^ia  or  UUmannia  is 
pretty  certain,  as  the  fruits  of  both  these  plants  are  now  well 
known.* 

Schimper  unites  Dictyothalamita  Sckroliianus  (Gopp.)  with 


'  GOppert,  Die  fos.  Flora  d.  yxm.  Formation,  p.  16i,  pi.  xiiv.,  figs.  *  ami 
a,  pi.  UT.,  Rga.  1-1. 

'  OSppert  Rgurea  and  dncribva  whnt  lie  buUeTcs  to  be  tlie  fniit  and  tlie 
mkle  flowers  of  Walchia  piniformia,  in  "Die  foa.  Fiorad,  p«nn.  Form.,"  p. 
239,  pi,  ilii.,— tiie  conei,  fip.  I-ID  ;  tbe  male  flowers,  Gga.  11-H.  S»e  alaa 
Weiss,  Flora  d.  jiing.  Stk,  n.  d.  HotliL,  p.  ITS,  pi.  ivii.,  fig.  1.  The  Iniit 
of  UUmannia  was  described  aa  far  back  bb  1828  by  H.  Bronn,  in  Lconhard'a 
"Zoitchrift  far  MineruL,"  Band  ii.,  p.  609,  pi.  iv.,  under  tlie  Qamo  otCuprawa 
Ullmatmi.  Goppert  also  figuroa,  in  hla  "  Pirniian  Flora,"  ainiilar  conr-like 
fnuU(pl.  xlv.,  GgH,  24,  2&). 

VOL  Vlil.  I 
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Schutzia  anomala  (Geinitz),*  and  regards  the  Sckuizia  as 
the  female,  and  the  Dictyothalamug  as  the  male  plant  The 
Btructure  in  the  latter  which  Goppert  believed  to  be  seeds^ 
Schimper  thinks  are  stamena,  and  this  view  I  am  inclined  to 
adopt.  These  remarks  show  that  the  real  affinities  of  iS^Hfna 
are  very  obscure. 

Schimper  regarded  these  fossils  as  belonging  to  a  "coniferooB 
plant,  which  was  altogether  paradoxical  and  without  any 
analogy,  either  fossil  or  recent." ' 

Although  this  is  not  a  very  satisfactory  manner  of  disposing 
of  Schutzia,  the  conclusions  arrived  at  by  Schimper  may 
possibly  be  correct,  though  we  have  little  positive  evidence 
to  support  this  opinion. 

Large  coniferous  stems,  witlt  their  internal  structure 
beautifully  preserved,  are  of  frequent  occurrence  in  Tarioas 
parts  of  the  Calciferous  Sandstones  of  Scotland.  The  remains 
of  coniferous  trees  also  occur  in  rocks  of  similar  age  in 
different  parts  of  the  globe ;  but  notwithstanding  their  vide 
geographical  distribution  and  frequency  of  occurrence,  there 
is  nothing  definitely  known  reganUiifi  their  fruit  or  foliage. 

Prof.  Dawson  has  describcit  and  figured  a  small  coniferous- 
like  branch  from  Tatamagouche  (Carboniferous  formation), 
which  he  has  named  ArawcariUs  yracilia?  This,  he  thinks, 
may  possibly  belong  to  his  Dadoxylon  vutterifiriim.* 

Some  botanists  regard  the  Trigonocnrpoiis  as  the  fruit  of 
Conifers,  but  this  opinion  is  not  universally  accepted.* 


thehUo/MnlJ.     131 


the  abraaion  and  decay  of  their  long  journey  from  the  uplands 
to  the  Hats,  where  mud  or  sand  was  heing  deposited;  and  as 
proof  of  this,  many  of  the  stems  of  these  trees  are  found 
imbedded  in  sandstone  qnarries,  where  they  have  been 
drifted. 

The  undoubted  occurrence  of  the  genus  SchtUzia,  so  low 
down  in  the  geological  scale,  is  of  considerable  importance ; 
the  discovery  in  the  Calciferous  Sandstones  of  a  plant  so 
closely  related  to  a  Permian  species,  is  almost  without  parallel. 

The  small  fossils  which  I  previously  described  and  placed 
in  the  genus  Schnlzia  are  different  from  the  present  example, 
and  their  real  claim  to  this  genus  may  perhaps  be  open  to 
question.' 

Schutzia  Sennieana  comes  so  near  the  Permian  species, 
that  it  is  only  after  veiy  careful  consideration  I  have  given 
it  a  specific  designation.* 

It  gives  me  pleasure  to  name  this  plant  after  Mr  J.  Bennie, 
to  whom  I  owe  so  much  for  kind  assistance  in  many  points 
connected  with  my  study  of  fossil  botany. 

Posilion  and  LoeaHty. — In  bituminous  shale,  Water  of 
Leith,  opposite  Kate's  Mill,  Midlothian;  Calciferous  Sandstone 
series.     Collected  by  Mr  James  Bennie. 


XIII.  On  the  Occurrence  of  Snhine's  Gull  (Xema  Sabinii, 
Sabim)  in  Adult  Phnnaije  in  the  Isle  of  MvU.  By 
Edward  BrowEiL,  Esq.,  M.B.O.U. 

(Read  20th  Fsljmary  1884.) 

Although  both  the  late  Dr  Sax  by  and  Mr  Thomas  Edwards, 
of  Banff,  write  of  having  seen  Sabine's  Gull,  there  are  only 
two  instances  that  I  can  trace  of  the  bird  having  ever  been 
obtained  in  Scotland.  The  first,  an  immature  female,  shot 
on  October  2,  1877,  near  the  island  of  Cmigleith,  in  the 

'  Tram.  Roy.  8oc.,  Edicb.,  vol.  xxx.,  p.  GiS,  p).  x»L,  figa.  10,  11,  12. 

■  Schiiuper  thlnkB  the  (1)  TrigonaaTpui  Sanlcri,  Oflin.  (Neuea  Jahrli, 
1867,  p.  £88,  pi.  iii.,  lig.  i),  U  an  analogous  fruit,  Viut  apecilicall;  distinct 
(Traitt  d.  l"«l»ont.  V*g«.,  vol,  ii.,  p.  358). 
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Forth,  is  now  in  the  posscBsion  of  Dr  Crombie,  of  North 
Berwick.  The  late  Dr  John  Alexander  Smith  exhibited 
this  bird  at  a  meeting  of  70ur  t^iet?,  and  recorded  it  in 
the  fourth  volume  of  the  Proctedinys  (p.  207).  The  second 
ia  the  bird  which  I  am  enabled  to  bring  l»cfore  your  notice 
to-night,  through  the  kindnesa  of  the  Bev.  F.  Weldon 
Champueys,  who  writes  me  aa  follows : 

"  Eakt  IjOihie,  Frakt, 
"TuNBBiDOR  Wr.LUi,  Janiutr]/ 3lS,  1B84. 

"The  Sabine's  Gnll,  which  I  was  fortunate  enough  to 
obtain  last  autnmn,  is  a  male.  It  was  shot  on  Loch  Spelv^ 
Isle  of  Mull,  September  7  or  8,  1883.  Tliere  had  been  some 
very  rough  weather.  I  saw  it  ewiniming  about  on  the  loch, 
the  weather  and  water  being  then  quite  calm.  It  allowed 
our  boat  to  approach  within  35  to  40  yards,  when  it  slowly 
rose  in  flight  I  shot  at  it  with  No.  3  shot,  and  thou^  I 
had  hit  it  hard,  it  flew  about  loO  yards  and  settled  again, 
just  as  if  not  hurt.  However,  on  rowing  up  to  it,  it  allowed 
me  to  take  it  up  in  my  hand.  One  shot  seemed  to  have 
gone  into  its  heart,  but  it  was  most  tenacious  of  life,  and 
took  me  some  minutes  to  kill  it,  so  as  not  to  hurt  its 
plumage. 

"  It  struck  me  at  the  time,  from  its  tamcncss,  that  it  did 
not  know  much  by  experience  of  humnn  nature." 
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any  authentic  record  was  an  immature  specimen  shot  in 
Belfast  Bay,  September  18,  1822,  and  recorded  by  Thompson 
in  the  third  volume  of  his  "  Natural  History  of  Ireland " 
(p.  310).  I  have  compiled  a  liat  of  some  nine  other  Irish 
and  twenty-four  English  specimens  obtained  since  that  year. 
Of  the  ten  Irish,  eight  were  killed  in  Septembei'  and  one  in 
October,  no  month  being  given  for  the  remaining  bird, 
autumn  only  being  added  for  date.  Six  of  these  were  taken 
in  the  neighbourhood  of  Dublin,  three  in  Donegal,  and  one 
in  County  Down,  It  is  certainly  strange  that,  whilst  nearly 
one-third  of  the  recorded  British  specimens  have  been 
obtained  in  the  west  and  north  of  Ireland,  until  last  year  it 
lias  never  been  met  with  on  the  west  coast  of  Scotland.  Of 
the  twenty-four  English  specimens,  all  except  one  were  met 
with  in  the  months  of  September,  October,  and  Kovember. 
Ten  of  these  were  obtained  on  the  west  and  south  coasts, 
extending  from  the  Bristol  Channel  to  Eastbourne,  and 
eleven  of  the  remainder  between  Scarborough  and  the  Thames ; 
the  Yorkshire  coast  being  credited  with  eight,  whilst  it  has 
been  obtained  in  such  inland  counties  as  Cambridgeshire, 
Shropshire,  and  Warwickshire. 

All  the  above  were  birds  tn  the  plumage  of  the  first  year, 
with  the  exception  of  one  obtained  in  Bridlington  Bay  on 
August  10,  1872  {<-/.  Zoologist,  1872,  p.  3316),  which  was  in 
full  summer  plumage,  and  it  is  strange  that  one  of  the  only 
five  known  instances  in  this  state  of  plumage  met  with  in 
Europe  was  a  male  obtained  off  the  coast  of  Brittany  on 
August  25, 1872,  just  fifteen  days  after. 

You  will  see  from  this  the  peculiar  interest  attached  to 
the  bird  now  before  you,  it  being  only  the  second  example 
obtained  in  Britain,  as  it  is  also  only  the  fifth  in  Europe  that 
has  reached  maturity. 

With  reference  to  the  records  of  this  bird  in  Europe,  it  is 
interesting  to  note  that  Miiller  obtained  it  at  Thorshavn, 
Faroes,  on  January  26,  1856.  It  has  not  been  found  in 
Sweden,  Norway,  or  ^Russia.  It  has  been  met  with  once  in 
the  island  of  Heligoland.  Dr  Altum  records  it  twice  in 
Miinsterland.  One,  a  male  in  full  plumage,  has  no  locality 
given.     Holland,  Holstoin  Hungary,  Picardy,  and  Dunkirk, 
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are  each  credited  with  an  example;  and  again,  Degland 
mentions  an  adult  shot  at  Itouen. 

The  true  home  of  this  bird  is  on  the  borders  of  the  Arctic 
Circle ;  and,  since  its  eggs  were  first  taken  by  Sabine,  on  the 
west  coast  of  Greenland,  it  has  been  found  breeding  on 
Melville  Peninsular  by  Sir  Edward  Parry ;  on  Cape  Dal- 
housie  by  Sir  John  Itichardson  ;  on  Prince  Albert's  Lend  {fsf. 
Captain  Feilden,  Zooloyist,  1S79,  p.  8]  in  Fraoklin  Bay,  uid 
Alaska.  Middendorf  found  it  breeding  on  the  tundras  of  the 
Taimyr ;  and  the  remains  of  an  egg  taken  by  him  were 
exhibited  by  Professor  Newton,  at  a  meeting  of  the  Zoological 
Society,  on  December  10,  ISUl. 

The  few  eggs  that  are  to  be  found  in  collections  were 
procured  by  the  Arctic  Expedition  sent  out  at  the  instance  of 
the  Government  of  tlie  United  States,  and  were  taken  by  Mr 
It.  Macforlane  in  FrankUn  Bay  iu  18C5.  Your  Museum  of 
Science  and  Art  is  indebted  to  tlie  Smithsonian  Institute  at 
Washington,  for  one  of  tliese  oological  treasures. 

In  early  autumn  these  birds  migrate  southwards,  especially 
following  the  coast  lines  of  Xortli  America.  It  has  occurred 
once  on  the  Bermudas,  and  lately  ns  far  south  as  Peru,  in 
12°  S.  latitude. 

Tlirough  the  kindness  of  Mr  Howard  Saunders,  I  am 
enabled  to  place  before  you  skins  of  Sabine's  Gull  in  three 
stages  of  plumage.  The  first  is  a  bird  of  tlie  year,  the  same 
as  the  bird  obtained  on  the  Forth.     It  was  killed  on  the 
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not  for  the  white  feathera  at  the  base  of  the  upper  mandible 
and  the  absence  of  the  black  collar,  might  be  best  described 
aa  "  a  gigantic  Sabine's  Gull."  Of  it  three  specimens  only 
are  known— one  in  Paris  —  the  type;  a  second  in  the 
British  Museum  from  the  Galapagos ;  and  a  third  from  Pern 
is  in  the  rich  collection  of  Gulls  belonging  to  Mr  Howard 
Saunders.  This,  a  bird  of  the  year,  is  figured  in  the  Fro- 
ceedivz/s  of  the  Zoological  Society  for  1882,  Plato  xxxiv. 
Nothing  is  known  of  its  breeding  haunts. 

In  the  Hat  of  occurrences  of  North  American  birds  in  Eurojie, 
80  carefully  compiled  by  Mr  J.  J.  Dalgleish,  mention  is  made 
of  two  species  of  North  American  Gulls  as  having  been  met 
witli  in  Great  Britain,  and  it  was  to  one  of  these,  Bonaparte's 
Gull  (Lanis  philadtlphia,  Ord.),  that  Mr  Champnej's'  bird  was 
attributed,  until  I  saw  it  at  Mr  M'Culloch's  shop  in  Glasgow. 
As  Bonaparte's  Gull  has  moat  undoubtedly  been  met  with  in 
Scotland,  and  as  it  bears  a  resemblance  in  many  ways  to 
Sabine's  Gull,  1  am  not  surprised  at  the  mistake.  1  have 
brought  skins  of  this  species  for  comparison. 

The  other  species  is  the  Laughing  Gull  {Larus  atridtla, 
Linn.).  It  has  been  included  in  the  British  list  on  the 
authority  of  Montagu,  but  recent  writers  are  agreed  that  the 
record  is  erroneous. 

The  bird  may  always  be  known  by  its  black  primaries,  the 
knowledge  of  which  fact  might  possibly  be  the  means  of  the 
bird  being  recognised,  should  it  ever  be  killed  on  the  British 
coast 


XIV,  A  Eetised  Lint  of  British  OphickOIDEA.      By  W.  E. 

HoYLE,  Esq.,  M.A.  (Oxon.),  r.R.S.E.,  M.R.C.S.,  Naturalist 

to  the  "  Challenger  "  Commission. 

(Read  ]Bth  March  1831.) 
No  attempt  appears  to  have  been  made  to  compile  a  com- 
plete list  of  the  Ophiuroids  which  frequent  our  seas,  since 
the  Uev.  A.  M.  Norman  published  one  nearly  twenty  years 
ago ; '  and  since  I  have  recently  had  the  opportunity  of  ex- 
amining the  collections  made  by  H.M.S.  "  Porcupine  "  and 

■  Aim.  and  Uog.  Nat.  Hilt,  aer.  S,  vul.  xv..  pp.  10M15,  186fi. 
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"  Triton,"  it  occurred  to  me  that  a  list  with  such  additions 
as  were  made  by  those  expeditious,  or  could  be  found  in 
the  recent  literature  of  the  subject,  might  not  be  without  nae 
to  my  fellow-workers  in  this  field. 

The  meaning  of  the  word  "  Britiah  "  used  in  the  title  of 
this  paper  perhaps  requires  a  little  definition.  Since  the 
channel  between  Scotland  and  the  Faroe  Islands,  besides 
lying  within  a  short  distance  of  our  shores,  has  been  mw'nly 
explored  by  British  vessels,  it  has  appeared  desinble  to  iu< 
elude  it.  I  haTe  thought  it  well  aimilarly  to  include  fonns 
from  o£F  the  west  coast  of  Ireland  and  Scotland  down  to  the 
600  fathom  line,  but  only  very  few  have  come  under  my 
notice  from  that  locality. 

For  remarks  on  the  relations  between  the  British  Ophiu- 
roidea  and  those  of  other  seas,  I  may  refer  to  the  Report  on 
the  "  Triton  "  Ophiuroidea.' 

The  authors  to  whom  I  have  had  occasion  to  refer  will  bo 
found  noted  in  the  body  of  the  paper,  but  I  cannot  here 
refrain  from  alluding  to  the  great  obligation  under  which  all, 
who  are  interested  in  this  group  of  animals,  stand  to  Profeasor 
Theodore  Lyman,  for  his  Report  upon  the  "Challenger" 
Ophiuroidea,  which  is  indeed  a  complete  monograph  of  the 
order.  I  have,  with  very  few  exceptions,  adopted  his  nomen- 
clature, and  the  number  of  times  his  name  occurs  in  this 
paper  will  prove  my  indebtedness  to  his  great  work;  in 
addition   to   which   I   must    acknowledge   his   courtesy  in 
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F.  Jeffrey  Bell  for  some  teferencea  and  localities  derived 
from  tlie  British  Museum  Collection ;  to  the  Rev.  A.  M. 
Norman,  D.C.L.,  who  supplied  me  with  two  species  which  I 
had  overlooked,  and  also  with  a  good  deal  of  information 
from  his  own  notes,  which  has  been  hitherto  unpublished ; 
and  to  Professor  Steenstrup  for  the  opportunity  of  examining 
the  collection  in  the  Copenhagen  Museum. 


ASTROPHYTID^. 

Abterontx. 
Asieronyx  Lov4ni,  Miill.  and  Tr. 
1842.  Ailtromjx  Lov^ni,  Miill  and  Tr.,  Syat  d.  Aater.,  p.  IIB, 
1861.  ,,  „      Stewart,  Ann.  Nat  Hiat.,  ser.  3.  tu!.   viii.,  p.  77; 

Pmc.  Zool.  8oc.,p.  »e. 
ISSt.  ,,  ,,      Sara,  Overs.  Norgea  EcMn.,  p.  G,  pi.  i.,  flgs.  1-E. 

1SS6.  „  ,,       Normun,  Ann.  and  Hag.  NaL  HUt,  aer.  3,  vol  xv., 

p.  106. 
1882.  „  „       Lyiuan,  Zoo!.  Cliall.  Eip..  pt  liv.,  p.  285. 

Habitat.  British  Seas. — The  Minch  (H.M.S.  "  Porcupine," 
1869);  Loch  Torridon,  Ross-shire  (Stewart);  Aberdeen  (G. 
Sim).i 

Other  Localities. — Norwegian  coast  (Sars)  ;  Finmark 
(Copenhagen  Museum). 


GORGONOCEPHALUS. 
Qorgonocephalus  eucnemis,  Lyman  (Miill.  and  Tr.). 
1780.   Atteriai  captU  vuduxe,  Fabriaiiu,  Fauna  Groenlandica,  No.  367. 
1834.  „  ,,  DowliurHt,  Nat.  Hiat.  Ord.  Catacea. 

1842.  Aitrophylm  tumemu,  UUll.  aad  Tr.,  Syat.  4  Aater.,  p.  123. 
18SS.  „  „  Ltk.,   Addit.  ad  RUt,  pt.  L,  p.    70,  pi. 

figs.  17-19. 
I   861.  ,1  ,1  Sara,  Orers.  Norgea  Echin.,  p.  4. 

1886.  „  .,  Lymm,  III.  Cat   Mna.  Comp.  Zool.,  No. 

p.  181. 
1877.  .,  ,.  MawDiellBr,    Denkachr.    d.    k.    Akad.    WUb. 

Wien,  Bd.  xxxv.,  p.  283. 
1882.  ,,  ,,  Hoffmann,  Ifiodorland.  Aruhiv  f.  Zool.,  Supjil. 

Bd.  i.,  Lief.  3,  Echin.,  p.  2. 
1882.  Oargonoe*phalia  eucMinis,  Lyman,  ZooL  ChalL  Exp,,  pt.  iit.,  p.  283. 
1884.  ,,  ,,  Hoyle,  Proc.  Roy.  Soc.,  Edinb.,  Jane  16. 

I  Zootogia,  p.  24,  1882. 
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Habitat.  BritiBb  Seaa — Seven  specimens  of  this  species 
were  dredged  by  H.M.S.  "  Triton,"  from  one  station  in  the 
warm  area  of  the  Faroe  Channel ;  depth,  433  fathoms. 

Other  Localities. — Greenland,  both  eastern  and  western 
coasts  (Liltkeu)  ;  "  Valorous  "  Expedition  (Norman) ;  *  North- 
East  America  (Liitken). 

Oorjonoctphaltts  Linckii,  Lyman  (Miill.  and  Tr.). 

173S.  Astrophglon  aeatalHin  (f»t9),  Linck,  Dc  Stcllu  Harinii,  pL  six.,  N«. 

18. 
1166.  Anlfriat  mpul  vttdutac (t),  LinnS,  FHuna  Succica,  No.  211S. 
1777.  AMropkytmt  arioretetiu,  PeDDnnt (hoh Bonde), nee MQll. uiil Tr.), British 

ZooloR>-,  vol.  W.,  p.  87,  Ko,  78. 
1841.  „  KUtatum,  Futixa,  Kritisli  StarluhM,  p.  07. 

18*2.  „  lindcii.  Mall.  onJ  Tr.,  Sjitt  d.  Aster.,  p.  122. 

1885.         „  „        Lyman,  111.  Cat  Muk.  Conip.  Zool.,  No.  L,  p.  IM. 

1865.  ,,  „        Normaa,  Ann.  and  Mag.  Nat  IlJat.,  Mr.  S,  tdI. 

IV.,  p.  105. 
1882.  Chrganoeejihaliu  Linekii,  Ljnian,  Zool.  Cliall.  Kxp.,  pt.  liv.,  p.  SOL 
1884.  „  „        Hoyle,  IVoc.  Roy.  Soc.,  EdinK,  Jane  10. 

HoMtat.  British  Seas.  —  Coniwall,  Shetland,  Orkney 
(Forbes) ;  very  rare. 

Other  Localities. — Norwegian  coast  to  150  fathoms  (Sara, 
Norman). 

OPHIUKllJyK 
Amphiura. 


r 
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Amphiura  borealia,  Lyman  (Sars). 
1871.  OpkiopeUia  borealia,  Sara,  Nye  Echio.,  p.  16. 
1882.  Amphiura       ,.        Lyinau,  Zool  ClialL  Exp.,  pt.  i 


„  p.  m 


Habitat.  British  Seas. — One  station  on  the  border  of  the 
cold  area  of  the  Faroe  Channel ;  depth,  203  fathoms. 

Other  Localities. — Lofoten  Islands,  80  to  400  fathoms 
(Sara);  Kora  Fjord,  Norway,  120  fathoms  (Norman). 


Amphiura  Chiajii,  Forbea. 

I.  Asleriat  fili/ar-mia,  Delle  Cliisjs,  Mom.  stor.  anat.  auini.  Najioli,  t.  ii., 
p.  359. 
Ophi/Koma yiiTietata,  Forbes,  British  Starfishes,  p.  37  (Young t). 
^n^i'ura  Chiajii,  Id.,  Trans.  Linn.  Soc.,  Lond.,  vol.  xiz.,  p.  151, 
pi.  idv.,  figs.  1*-18. 
Jtarifem  [!),  Id.,  Ibid.,  p.  150. 
,.  Chiajii,  Sars,  Hiiidolliavets  Litt.  Fanna,  p.  86. 

„  Chiajci,  Ltk.,  Addit.  nd  Hist,  Ophiurid.,  pi.  L,  p.  67,  pi.  ii., 

fig.  12. 
,,  ,,       Lfmao,  ru.  Cat,  Una.  Comp.  ZooL,  No.  !.,  p.  119. 

,,  ,,       Norman,  AnD.  and  Mag.  Nat.  HiaL,  aer.  3,  vol. 

KV.,  p.  107. 
Tschcrniawsk/,  Protocol  d.  Moskniier  Naturf. 


ChinjH,  Lndwig,   Mittheil.   d.  zooL   Stat   Neapol,   Bd.  i., 
p.  650. 
,,      iualio and Hurdmau,  Proc  Boy.  Phya.  Stic.,  Ediub., 

vol.  vi.,  p.  88. 
,,       Lyman.  ZooL  ChalL  Exp.,  pt.  xiv,,  p.  H2. 
.,       HoyU,  Proc.  Boy.  Soc,  EJiob.,  June  16. 


Habitat.  British  Seas. — Shetland,  Durham,  and  Northum- 
berland coasts,  Clyde,  Killaiy  Sound,  Ireland  (Norman) ; 
Inveraray  and  Oban  (D.  Robertson) ;  Hebrides  (Forbes)' ; 
Firth  of  Forth  (Leslie  and  Herdman) ;  Faroe  Channel,  Loch 
Linnbe  (Hoyle).  The  species  was  dredged  by  II.M.S, 
"  Triton  "  in  the  warm  area  of  the  Faroe  Channel  from  555 
fathoms,  the  greatest  depth  hitherto  recorded. 

Other  Localities. — Scandinavian  coast  (Sars),  down  to  200 
fathoms  (Norman) ;  Black  Sea  (Tschemiawsky) ;  Mediter- 
ranean, down  to  100  fathoms  (Ludwig) ;  Trieste  (Coi>enhagen 
Museum). 

'  Norman,  loc.  cU.,  p.  108. 


140  ProeeedingB  of  the  Sot/cU  Physical  Soddy. 

Amphiura  jUiformia,  Forbes  (0.  F.  MUller). 
17rs.  A»l*rvuJUifon»U,  0.  F.  M&11.,  Zoo).  Dan.  Prodr.,  p.  SS6. 
ISOl.  Ophiura        „        Lunck.,  Hixt  anim.  una  Vert.  t.  iL,  p.  US. 

1811.  OjAioerma     „        Toibm,  BritUb  Rt.irfishgs,  ^  40. 

1812.  Opkioiepit     „         UQ1L  and  Tr.,  Sytt.  d.  AatCT.,  p.  91. 

1813.  Amphiura     „        Forfaet,  Traiu.  Linn.  Soc,  Lond.,  voL  ziz.,  p.  Ifil. 

1857.  „  „        8«n,  Uiddellikvau  Lilt  Fbuiib,  p.  Si 

1858.  „  „       Ltk.,Addit  ad  IliHt  Orliiur.pt  i.,  p.8«,  pi.  ii., 

figK  II  a,  h. 
188G.  „  „         Lyman,  III  Cat  Mua  Camp.  Zool.,  No.  L,  p.  118. 

1805.         ,,  „       Norman,  Ann.  and  Mag.  Nat  IIiiL,Mr.  S,toLsv., 

p.  107. 
1888.  „  „         Ijn.,  Oi-h.  vir..  p.  321. 

1870.         „  ,,       Ladnig,  MittbaJI. d.  tool. Sut  Keapel,  Bd.  L, p.  G19. 

1881.  „  „         Lealieand  Herdmao,  rroc  Koy.  Fhja.  Soc;,  EdintiL, 

*oL  vi.,  p.  88. 
1SS2.  „  „         Ljman,  ZooL  ChalL  Kx|>.,  pt  lir.,  p.  111. 

1881.  „  „        Huyle,  Proc.  Hoy.  Soc,  Eilinb.,  June  18. 

SahUcU.  Britiah  Seas.—"  Shetland,  Firth  of  Clyde,  Dur- 
ham aod  Korthumhertand  coasts  (Norman);"'  Firth  of  Forth 
(Leslie  and  Herdman) ;  Fariie  Channel,  warm  area,  555 
fathoms  (Hoyle) ;  Kenmare,  Ireland  (B.  M.  CoIL). 

Other  Localities. — Near  Bukken,  Xurway,  20  fathoms 
(Norman) ;  Mediterranean,  5-100  fathoms  (Ludwig). 

Amphiura  sccnrigera,  Lyman  (Diib.  and  Kor.). 

1816.   CphiopdlU  menrigera,  DUb.  and  Kor.,  Ofvenigt  Skond.  Ecbin.,  p.  SM, 

pi.  tI,  figa.  3-5. 


1861.  „  „        SatB,  Oronigt  NorgM  &1iiii.,  {>.  11. 

1866. ,, „        Norman,  Ann,  and  Mag.  Kat  1li»L,  a«r.  8,  vol. 
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Other  Localities. — Hvidiugso,  near  Stavanger  (Dub,  and 
Kor.) ;  near  Bergen  and  Lofoten  (Sars). 


Amphiw 


sgans,  Norman  (Leach). 


.  Napoli,  vol. 


ISIG.   Ophiura  cUgani,  Lcoi-h,  Zool.  MiscelL,  vol.  ii, 
182fi.  Aalcrtai  aquanala,  Delia  Chiajc,  H«lll.  ator.  i 

iii.,  p.  77,  pi.  iiiiv.,  fig.  1. 
1835,   Ophiura  negUcta,  Johnston,  Mag.  Nat  Hiat,  vol.  viii,,  p.  487. 
1840.         „        monUi/onnia,  Grnbe,  Alctin.  Echin.  a.  Wlirm.,  p.  18. 
ISil.  Ophioemna  neglecla,  Forbes,  British  Stargshes,  p.  30. 
1842,   Ophiolepia  ajuamata,  MUU.  and  Tr.,  Wiegmuin,  Archiv  f.  Kuturgeach., 

vol.  vi.,  p.  32S  ;  Syst  d.  Aater,,  p.  82. 
I84S.  AmphiHra  negUcta,  Forbes,  Trans.  Linn.  Soc.,  Lond.,  vol.  lix.,  p.  1(>D- 
18BI.  Ophiolepi»  tmui*.  Ayrei,  Proc  Bo«t.  Soa  Nat  Hist,  vol.  iv.,  p.  133. 
18S7.  „         tqtuunata.  Sub,  MlddetliBTeta  Litt  Fanna,  p.  84. 

1859.  Amphivra  lenuit,  Lpnan,  Proa.  Boat  Soc.  Kat.  HUt ,  vol.  vii. ,  p.  1B4. 
1861.         „  ajuamala,  Sars,  Oveniigt  Norges  Echin.,  p.  21. 

1886.         „  eUgans,  Nomnn,  Proc.  Boy,  Boo.,  vol.  iiv.,  p.  215 ;  Ann. 

and  Mag.  Nat  Hiat.,  aer.  8,  vol  xv.,  p,  109. 
1871.  Amphipolia     „       Ltk..  Videnak.  MeJJBl.,  p.  140. 
1871.  „  Rinbtrgi,    I^jn.,   Ofrera.    K.    Veteosk,    Akad.   Forbandl,, 

p.  64S. 
1871.  „  oppTtaa,  Id,,  Ibid.,  p.  647. 

1871.  „  linaUa,  Id.,  Itnd.,  p.  SM. 

1880.  Ampkiura  neglttta,  HerdmBn,   Proc  Roy.  Phys.  Soc,  EJinb.,  vol.  v., 

p.  201. 

ind  Hurdnisn.  Ibid.,  vol.  vi.,  p.  88. 
Lymin,  Zool.  Chnll.  Eip..  pt.  liv.,  p,  138. 

Habitat.     British  Seas. — On  all  coasts  (Forbes,  Norman)  ; 
Scarborough  (B.  M.  Coll.) ;  Firth  of  Forth  (Leslie  and  Herd- 
Other    Localities. — Mediterranean,     Scandivanian     Coast 
(Norman) ;  Cape  of  Good  Hope,  98  fathoms ;  off  S.E.  Aus- 
tralia, 120  fathoms  (Lyman) ;  Nortb-East  America  (Verrill). 

Ampkiura  teimispina,  Ljn. 

18S4.  Amphiura  tenuUpina,  Ljn.,  Ofrersigt  E.  Akad.  Voteiiak.,  p.  860. 
1868.  „         iguamaUi  (var.  !),  Ijn.,  Oph.  viv.;  p.  313. 

1868,  „         ttnul^itia,  Norman,  Lut  Shetland  Dredging  Report,  RHt. 

Aaaoc.  Rep.,  p.  340. 
Ijn.,  Ofveraigt  K.  Akad.  Vctensk.,  p.  033. 
LytDUi,  Zoot.  Chall.  Exp.,  pt.  liv.,  p.  US. 
.  teniiinpina,  Verrill,  Aner.  Jonm.  3cL  luid 
Arts,  vol.  TTJii  ,  p.  210. 


1882. 


1871.  Amphipholu 

1332. 

18S2.  „  elfgant,  t 


Habitat.     British  Seas. — Shetland  (Norman). 
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Other  Localitiea. — Norway,  GO-300  fathomB  (LymBti) 
Hardanger  and  Christiania  Fjords,  0O-I8O  fathoms  (Norman) 
North-East  America,  120-487  fatlioma  (Verrill). 

OraiACAXTHA. 
Ophiacantha  ahyimcala,  Sara. 
1871.  Opkiaea»IAa  ithyuieola,  Sara,  Nye  Echin.,  {i.  8. 
1SS2.  „  „         LymiiQ,  ZooL  Chall.  Exp.,  pt  ilv.,  p.  190. 

1S81.  „  „         Hoylo,  Proc.  Itoy.  Soc,  Bdinb.,  Jane  IS. 

Jfahitat.  British  Seas.— The  Faroe  Channel,  203-458 
fathoms  ("Porcupine"  Expedition). 

Other  Locidities. — Bodo,  80-lUO  fathoms;  Lofoten  Islands. 
120-300  fathoms  (Sars). 

Ophiaeaniha  huUntata,  Ljn.  (Retz.). 
180S.  AtUriat bidnlata,  Rett.,  Diu.,  p.  S3. 
1817.  Ophiura  Rttsii,  Nilsson,  Collectanen  Zoolugiic  ScandiuaTJw,  p.  15. 

1843.  O^iamntha  tpinulomt,  UuU.  anil  Tr.,  Syxt  <1.  Aster.,  i>.  107. 
\8t2.   Ophioaama  arclita.  Id.,  Ibid.,  p.  t03. 

1844.  Ophiaeanlha  grBHlaTuiioa,  Id.,  Arcliiv  f.  Ifaturficiwli.,  p.  183. 

185Z   Ophioeoma  tdiinnlala,  ForUn,  SutbrrLiiiirs  Juuni.  Vuy.  Baffin's  Bay, 

vol.  ii.,  p.  cciv.  (Aj.p.). 
1858.   Ophtaeaulha  npinufom,  Ltk.,  AilJit.   ad.    Hint.,  pt.  L,  p.  65,  pi.  if., 

%.  "■ 
1841.  ,,  „         Sara,  Ovcreigt  NorgcsEi'liin.,  p.  13. 

1865.  „  ,,  Lyman,  111.  Cut.  Miu.  Comp.  Zool.,  Ko.  f.,  p. 

93,  ngs.  6,  7. 
hideiUata,  ljn.,  Ofvcraigt  K.  Ak.i.l.  Vftenak.,  p.  8C2. 
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stations  off  the  east  coast  of  North  America,  depths  83  to 
1350  fathoms  (Lyman) ;  Scandinavian  coast,  20-180  fathoms 
(Sars,  Norman) ;  Barents  Sea  (Hoffmann) ;  Spitzbergen,  Fin- 
mark,  both  east  and  west  coasts  of  Greenland,  20-85  fathoms 
(Liitken,  Duncan  and  Sladen) ;  North  Atlantic,  2435  fathoms 
{H.M.S.  "  Porcupine,"  1869).> 

Ophiacantha  spectaMlis,  Sara. 
1871.  Ophlamnlha  tpcclnbilit,  Sara,  Nye  Echin.,  p.  10. 
1882.  ,,  „         Lymnii,  Zool.  Chatl.  Eip.,  pt,  xiv.,  p.  IBS. 

1884.  ,,  ,,         Ilayle,  Froc.  Roy.  Sue.,  Edinb.,  Juna  Iti. 

Habitat.  British  Seas. — Faroe  Channel,  one  station  in  the 
warm  area ;  depth,  433  fathoms  (Hoyle). 

Other  Localities, — Bodo,  coast  of  Norway,  80-100  fathoms 
(Sars), 

0PHIACTI8. 
Opkiadis  abyssicola,  Ljn,  (Sars). 
1S61.  Amphiura  abgmeoUi,  -Sars,  Orereigt  Norges  Echin.,  [i.  18. 
1866.  O^itKnida        .,         Lyman,    IlL  Cat.   Mua.    Conip.    Zool,   No.  i., 

p.  13. 
1S66.  OpKiatiit  „  Ijo.,  Oph.  viv.,  p.  324. 

1882.  ,,  „  Lyman,  Zool.  Chnll.  Exp.,  pt  xiv.,  p.  122. 

1882.  .,  „         Id.,  Proo.  Roy.  Soc,  EditiK,  vcl.  xi.,  p.  707. 

188*.  „  „         HoyU,  Ibid.,  Juno  18, 

Habitat.  British  Seas. — This  species  has  hitherto  been 
recorded  only  from  the  Faroe  Channel,  from  eight  stations  in 
the  warm  area ;  depths,  433  to  767  fathoms ;  and  from  four 
stations  in  the  cold  area,  depths  327  to  384  fathoms  (Lyman, 
Hoyle) ;  as  well  as  from  two  "  Porcupine  "  stations  eaat  of  the 
Shetlands,  depths  64  and  75  fathoms  (Hoyle). 

Other  Localities. — Off  Aalesnnd  and  Lofoten  (Sars) ;  near 
Bukken  and  in  the  Hardanger  Fjord,  80-110  fathoms  (Nor- 
man) ;  8  miles  from  Storeggen,  400  fathoms  (Copenhagen 
Muaenm). 

Opkiadis  Ballii,  Ltk.  (Thompa.). 

1840.  Ophlacoma  Ballii,  Thompflon.  Ann.  and  Mng.  Nat.  Hiht.,  toI,  v.,  p.  PP. 

1841.  ,,         Oooiifiri,  Forbes,  British  Starltalics,  |>.  C7. 

1842.  OphioUpit  BaUii  and  Ooodiiri,  Miill.  nnd  Tr.,  Syst  d.  Aater.,  p.  67. 
ISiS.   Ophhpol it     „  „  Gray,  Brit  Mas.  Cat.,  p,  26. 

>  DepUja  of  the  Sen,  p.  97 ;  1873,  London, 
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1SS7.  Ampkimra  BaUii,  Stn,  UidJalhareU  IJtt.  Faniu,  p.  M. 

1850.  OpAiwM*       „      Ltk.,  Addit  uL  Hut.,  pt  iL,  {l  198. 

1S6I.  Allium     „      Smn,  Oremgt  TSote^et  Echin.,  {ip.  17,  SO. 

18A6.  „  „       Humiui,    Add.  aiul  Mig.  Nat  HuL,  wr.    S,    vol. 

ST.,  1).  log. 

I84G.  OpItiMmida   „      Ljsud,  III.  Cat.  Uo*.  Cotop.  ZooL,  No.  L,  pL  11 

188S;  Opiaatti*       „      Id.,  Zool.  Cball.  Eip..  pt  xir.,  p.  ISl. 
1884.  „  „       Horlft,  Proc  Bay.  8oc,  Ediub.,  Jnna  IS. 

HcibUai,  British  Seas. — Shetland ;  "  off  the  coaata  of 
Durham  and  NorthumbeTlaDd  (Norman) ;  Moray  Firth  (Mr 
T.  Edward);  Dablin  (Dr  Ball);">  Anstruther  ^orbea  Coll. 
B.  M.) ;  FarSe  Channel,  both  Tarm  and  cold  areaa,  in  the 
former  of  which  it  was  dredged  by  H.M.S.  "Porcupine"  &t>m 
a  depth  of  363  fathoms;  veiy  tare. 

Other  Localities. — Scandinavian  coast  (Dilben  and  Koren), 
down  to  190  fathoms  (Norman) ;  North  Atlantic,  depth  40 
to  50  fathoms  (Lyman), 

Ophiobyksa. 

Opkiobyrsa  kystrida,  Lyman, 

1883.  O^iobi/nakytlriaa,  LjmiD,  Bull.  Uus.  Cump.  ZooL,  rcA.  z..  No.  8, 

p.  272. 
1881.  „  >■         Hoylc,  Proe.  Boy.  Soc,  EJinb.,  Jima  18. 

Sabilat.  British  Seas. — Hitherto  this  species  baa  only 
been  dredged  at  one  station  in  the  cold  area  of  the  FarSe 

Channel  from  a  dt'iitii  of  'Hi)  I'litlitujis.     It  is  mentioned  by 
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Habitat.  British  Seas. — One  specimen  of  this  species  was 
dredged  at  one  station  in  the  "  Porcupine "  Expedition  of 
1869,  south-west  of  Ireland,  862  fathoms. 

Other  Localities. — None. 

"  The  genus  is  new  to  north  European  waters "  (Lyman). 
Hitherto  only  two  species  have  been  described — one,  0. 
fastiffotus,  from  the  Sya/oraemn-ground  south  of  Japan,  345 
fathoms,  and  from  the  south-west  of  Papua,  SOO  fathoms; 
the  other,  0.  Imtus,  from  600  fathoms,  near  the  Kermadec 
Islands.' 


Ophiocnida. 
Ophiocnida  Irachiata,  Lyman  (Montagu). 

1904.  AiUriat  hradiiala,  Montagu,  Trans.  Liun.  Soc.  LoniL,  vol.  vii.,  p.  Si 

1S41.  Ophioeoma    ,,         Forbes,  BriCiah  Starfishes,  p.  4G. 

1843.  OphioUpa     ,,         MQtl  ncd  Tr.,  Syat.  d.  AaUr.,  p.  96. 

ISBr.  AmphiuTa  NeapolUam,  Sara,  MiddelhavetB  Utt.  Faiuia,  p.  91,  pi.  i. 

figs.  11-15. 
18E9.  „  „  Ltk.,  Addit.  ad  Hist.,  pt  ii.,  p.  114. 

18B9.  „         bmchuUa,  Id.,  Ibitl. 

I8SG.  ,,  .,  Normsn,  Ann.    ruid  Mug.    Nat.    Hist.,   ser.    S 

vol.  *v.,  p.  109. 

1865.  Ophiomida  ntapoliiawi,  LymiiL,  111.  Cat.  MuB.  Corap.  Zool.,  No.  i. 

p.  12. 

1866.  „  brackiata.  Id.,  Ibid. 

1888.  „  „  LJQ.,  Opk  viv.,  p.  317. 

1879.  „  „  Ludwig,  Mittheil.  d.  lool.  Stat.   Neapol,  Bd.  i. 

p.  650. 
1681.  „  ,,  LeBl[«   Slid   Herdman,   Proc.    Ruy.  Piij-s.  3oc, 

Edinb.,  vol.  vL,  p.  89. 
ISSS.  „  .,  L^man,  Zool.  ChalL  Exp.,  pt.  xiv..  p.  16G. 

Habitat.  British  Seas. — Salcombe  Bay*  (Montagu);  Coast 
of  Down  and  Antrim  (Thompson) ;  Firth  of  Forth  (Leslie  and 
Herdman). 

Other  Localities. — Mediterranean  (Sars),  20  fathoms  (Lud- 
wig) ;  North  European  Seas  (Lyman). 

'  LTiDaii.  Zool.  Chttll.  Eip.,  pt  liv..  pp.  176-178. 

'  Bnried  in  tlio  sand  in  pools  s.t  extreme  low-water  Bpring  tides,  the  tips  of 
the  anna  only  ap])eariDg  above  the  surface.  1  went  to  Satcocibe  in  1876  Tor 
the  ipeoi»l  purpose  oE  tediaoovering  this  sad  one  or  two  other  of  Montagu's 
species  in  tbnt  localltjr  (Noniun). 

Toi..  vni.  K 
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Ophiocoma. 
OpkitKoma  nigra.  MiiU,  and  Tr.  (0.  F.  MiiU.). 
1789.  Atltriat  niffra,  MnlW,  Zool.  Dbd..  ral.  iiu,  p.  20,  pi.  xelii.,  flgik  1-t. 
1826.  OpAiHTO  granulata,  Fleming,  Britinii  Animali,  p.  488. 

1840.  Ofhioeanui  nigra,  M&ll.  and  Tr.,  AkLit  f.  Nitnrgauh.,  p.  8M. 

1841.  „         granulate,  Forbes  {mm  Linck),  Dritiih  SUlflihts  9-  M. 
1843.  „         A'ilnHii.UUll.  aiidTr.,Sfrt.d.  A«t«t.,  p.  IDO. 

1842.  „        Hifro,  Id.,  Ibid. 

1800.         „  „    I^man,  111.  Cat  Mot.  Comp.  Zool.,  No.  I,  |>,  81. 

18SS.  „  ,,     Nomun,  Aon.  mod  Hag.  Nat  Hilt,  nr.  S,  vol.  xv., 

p.  111. 
1880.         „  „    Herdman,  Proc.  Boy.  PLt*.  Soc,  Edinb.,  *oL  t., 

p.  201. 

1581.  „  „     Lnlie  and  Herdman,  /bid.,  vol.  ti.,  p.  88. 

1582.  „  .,     Ljman,  Zool.  Cliall  Rip.,  pL  lir.,  p.  172. 

Id.,  Proc.  Ruy.  Soc.,  Edinb.,  toI.  zL,  p.  707. 
1882.  „  „     IIolTaiBiin,  Niedcrldiid.  ArchiT  f.  Zool  SnppL-Bd.  L, 

Li«f.  3,  Efhin.,  p.  4. 
1884.  „  „     Hoylc,  Proc.  Itof.  ScH^.,  Ediiib.,  Jung  IS, 

Jfaintat.  British  Se&a. — Shetland  and  other  localities  on 
British  shore,  "  open  sea  and  salt  water  lochs  in  from  7  to  30 
fathoms  water "  (Forbes) ;  Lanilasli  Bay,  Arran,  Urth  of 
Forth  (Leslie  and  Herdman) ;  Faroe  Channel,  53  fathoms 
(Lyman),  87  fathoms  (Hoyle) ;  Falmouth  (B.  M.  Coll). 

Other  Localities. — Scandinavia  (Sars) ;  Bergen  and  Chris- 
tiania  (Copenhagen  Museum) ;  North  Europeao  Seas 
(Lyman) ;  Barents  Sea  (Hoffmann). 
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Habitat.  British  Seas. — One  station  in  warm  area  of  the 
Faroe  Channel ;  depth,  542  fathoms. 

Other  Localities. — Both  eastern  and  western  coasts  of 
Greenland  (Duncan  and  Sladen,  Lutken) ;  Spitzhergen 
(Liitken);  Barents  Sea  (Hoffmann);  Hardanger  Fjord,  Nor- 
way, 180  fathoms  (Norman) ;  North  Atlantic,  2435  fathoms 
(H.M.S.  "  Porcupine,"  1869).' 

Ophioglypha. 
OphioglyphM  affinis,  Lyman  (Ltk.). 
Ophiuraaffinia,  Ltit,.  Acliiit.  ad  Hist.pt.  L,  p.  46,  pi.  il.,  ligs.  10  n,  *.  ■ 
„       Onibei,  Heller,  Lit.  Fniinn  d.  Adriat.  Meeres.  p.  431,  pi.  ii., 
ligs.  18-16. 
Iformaimi,  Hodge,  Trnna.  Tf  neaide  Nat  F.  Clnli,  voL  v.,  pL 


Ophwrilyplut  tiffin 


.,  aer.  3,  v. 


4,  p.  2B6. 
Norman,  Aim.  and  Mag,  NaL  Hial 

p.  \a. 
Lymau.  III.  Cat  Uos.  Comp.  Zool.,  No.  i.,  p.  63. 
Ludwis,  MittheU.  d.  eool.  Stat.  Neapel,  Bd.  i., 

p.  647. 
Leslie   and   Herdman,    Prric.    Eoy.   Phya.   Soc.. 

EJinb.,  W.  yi.,  p.  87. 
Lyraan,  Zool.  Chall.  Exp.,  pt.  liv.,  p.  77. 
Hoyle,  Proc.  Roy.  Soc,  Edinl).,  Jane  Ifl. 

Hahitat.  British  Seas. — Firth  of  Clyde,  Shetland,  Nor- 
thumberland coasts  (Norman);  Firth  of  Forth  (LesUe  and 
Herdman). 

Other  Localities. — Mediterranean  (Ludwig,  Heller) ;  Nor- 
wegian and  Danish  coasts  (Liitken,  Norman) ;  North-East 
America  (Lyman). 

The  greatest  depth  hitherto  recorded  for  this  species  ap- 
pears to  be  192  fathoms  (Lyman). 

Ophioglyjilia  albida,  Lyman  (Forbes). 
1816,  Ophiura  laturata  (pars),   Lamck,,  Hist  Aniin.   iftiii  Vert.,   voL  ii., 

p.  642. 
I8SS.         ..        albida,  Forbee,  Mem.  Weru.  Boo.,  to).  Tili.,  p.  125,  pi.  iv., 

figa.  G,  e. 
1841.        ,,  ,,         Id.,  Bntiah  StarSalieB,  p.  27. 

18GS.         „  ,,         Ltk.,  Addit.  ail  Hist.,  pt.  i.,  p.  SB,  pi.  L,  Egs,  2a,h. 

ISU.        ,,  ,,         Norman,  Ann.  and  Mag.  Nat  Hist.,  ser.  3,voLxt., 

p,  iia. 

'  Dcpthi  of  the  Son,  p.  87  ;  1873,  London. 
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1865.  OphiB^yplta  atttita,  LjnnaD,  ttl.  Cat  Uiu.  Comp.  Zool,  Hin.  i.,  p.  M. 

1880.  „  „      Henlmui,  Vrae.  B07.  Ph]ra.  Soe.,  Edinb.,  toI.  t., 

p.  200. 

1881.  ,,  „      Le«U«and  IIcrilukD, /Mit,  vol  vL,  p.  87. 

1882.  ,,  „      Lymu,  Zool.  Chill.  Exp.,  pt  xir.,  p.  76. 
1SS4.           „  „      Hoyle,  Proc  Uof.  Soc,  Edinb.,  Jnna  16. 

Hahitai.  British  Seas. — "  Every  part  of  onr  coast "  (Nor- 
man) ;  Firth  of  Forth,  Dimlaah  Bay,  Ar»n  (Leslie  mod  Herd- 
man)  ;  Farde  Channel,  458  fathoms  (Hoyle). 

Other  Localities. — Sound  (Copenhagen  Moseam);  North 
European  Seas,  Mediterranean,  5-250  fathoms  (LymaD) ; 
■  Norway,  common  (Norman). 

Ophioglypha  aurantiaea,  Verrill.* 
1S8S.  OfMo^yphaavTOtUiaea,  Verrill,  Amer.  Joum.  Sci.  audArt^TaLnitL, 

p.  Ml. 
1832.  „  „       LTinap,  Proe.  Riiy. Soc., Edinb., toL zL, pL 707. 

'    1883.  „  „        Id.,  Ball.  Hus.  Cump.  ZooL,  rol.  x..  No.  S, 

p.  300,  iFith  tig. 
1884.  „  .,       Hoyle,  Ptm^.  Ku;.  Sot.,  Edinb.,  Jona  18. 

Habitat,  British  Seaa — Faroe  Channel  at  four  station^  all 
in  the  warm  area,  depth  516-570  fathoms  (Lyman,  Uoyle). 

Other  LocalitieB.— Off  Martha's  Vineyard,  North-East 
America,  192-310  fathoms  (Verrill). 

Oj^ioglypha  latertosa,  Lyman  (Pennant). 
1788.  Stella  lunhriealii  laMTiota,  Liuck,  De  Stvll.   Marin.,  pL  ii.,  Na  4, 

p.  47. 
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>.  Ophiara  iacerttiaa,  Norman,  Ai 

p.  112. 
.  Ophio'jlypha 


:.  and  Mag.  Nat.  Uut,  ecr.  3,  vdL  k' 


Lyman,  IlL  Cat  Mna.  Oomp.  ZooL,  No.  L,  p.  40. 
Ludwig,   Hittheil.    d.  tool.  SUt  Keapel,   Bd.   i., 

p.  546. 
Il^^nlman,   Proc.   Roy.  Fhya,  Soo.,  Edinb.,  vol.  v., 

p.  200. 
Leslie  and  Herdman,  Ihid,,  vol.  vL,  p.  67. 
Lyuiait,  ZooL  Chall.  Eip.,  pt.  liv.,  p.  7S. 
Hoffmann,  Niedarliind.  ArcWv  f.  Zool.  8uppl.-Bd. 

i.,  Lief.  S,  Ecbin.,  p.  6. 
Bell,  JoufD.  Linn.  Soc,  vol.  xrii.,  p.  103. 
Hojle,  Proc.  Roy.  Soc.,  Edinb.,  Juna  IB. 

HaMtat.  British  Seas. — "  All  round  our  coasts  "  (Normau) ; 
Firth  of  Forth,  Lamlash  Bay,  Arran  (Lealie  and  Herdman). 

Other  Localities. — North  European  Seaa;  Mediterranean 
(Lyman) ;  Western  America  (?) ;  near  Drobak,  Norway  (Nor- 
man) ;  Madeira  (B.  M.  Coll.). 

The  "  WiUem  Barents  "  investigations  have  extended  the 
distribution  of  this  species  to  the  Arctic  seaa  of  Europe  and 
Asia. 


18G1. 
1857. 
1858. 
ISflS. 


Ophioglypha  rohusla,  Lyman  (Ayres). 

OphioUpia  robiuta,  Ayree,  Proc.  Boston  Soc.  Nat  Hiet,  voL 
Ophiura  faaaeulaia,  Forbes,  Sutherland's  Joum.   Voy,    Baffin' 
vol.  ii.,  p.  eoxiv.  (App.). 
.,       «fua7ncKi,  Ltk.,  Tidensk.  UedduL,  p.  100. 
,,  „  Id.,  Oven.  OrBal.  EuMd,,  p.  50. 

,,  ,,         Id.,  Addit  ttU.  Hist.,  pt  L,  p.  IS,  pi.  i,, 

,,  „  Nomiati,  Ann.  and  Mag.  Nat.  Hiet, 

IV.,  p.  in. 


p.  134. 
Bay, 


3,  vol. 
.p.  45. 


„  „       Duncan  and  Sladen,  Hem.  Eohin.  Weat  Greetil., 

p.  62. 
,,  „       Lyman,  Zool.  Chall.  Eip.,  pt  liv.,  p.  77. 

„  ,,       Hoffmann,  Niederland.  Arcliiv  f.  Zool,  SuppL- 

Bd.  i..  Lief.  3,  Echin.,  p.  6. 

Habitat.  British  Seas.— East  coast  of  northern  England 
and  Scotland  (Norman). 

Other  Localities. — Sound  (Copenhagen  Museum) ;  both 
coasts  of  Greenland,  20-80  fatlioras  (Liitken,  Cuncan  and 
Sladen);  Spitzbergen  and  Barents  Sea  (Hoffmann);  Finmark 
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(LUtken);   Chmtiania  Fjord  and   West  Norway.    14^180 
fathoms  (Normau) ;  Nortli-Eaat  America  (Lyman). 

Opkioglypha  Sarsii,  Lyroan  (Ltk.). 
1SS1  OpkioUpi*  ciliala,  Btiinpi.,  Siuithson.  Contrib.,  vol.  vL,  p-  18. 
1851.  Ophiura  coriaeta,  Ltk.,  Vidcnik.  Medilel.,  p.  101. 
1864.        „        Sanii,  Id.,  Ibid. 

1868.         „  „       iii,  Addit.  idHiat,  pt  L.p.  42,  pLi.,  ftgLS,  1. 

184B.        „         „      Nonnu,  Ann.  knd  Mag.  Nat  Hiit,  Mr.  8,  toL  zt. 

p.  lis. 
ISSG.   Ophioglgpha  Sanii,  Linnaii,  111.  Cat.  Mna.  Comp.  Zool.,  Nol  L,  p.  41, 

figa.2.3. 
1877.  „      MftmuclkT,  Deiikuchr.  d.  k.  Akad.  Wi*.  Tkn, 

Bd.  uzv.,  i>.  282. 
1S8I.  „  „       DuncnD  and  SUden,  Uetn.  Ecliin.  Wwt  OnroL, 

p.  60, 
Lyman,  Zool.  Chall.  Eip.,  pt.  xir.,  p.  40. 
.,       Hoffmann,   Niaderldnd.   Archi*  t   Zool.   8i 

Bd.  L,  Lief.  S,  Echin.,  p.  0. 
,,       Ljman,  Bull.   Hu*.  Comp.   Zo^,  toL  x..  No.  8, 

p.  2*0. 
„       Hoyla,  I'nc  Boy.  Soc,  Edinb.,  Juiw  IS. 

ffahiiat.  British  Seas.— Shetland,  80-100  fathonu  (Nor- 
man) ;  Farde  Channel,  cold  area,  345  fatlioms  (Hoyle). 

Other  LocaliUe& — Barents  Sea,  down  to  210  fttluniu 
(Hoffinann) ;  American  and  European  Coasts  of  Qreenluicl, 
10,  20,  35  fathoms  (LUtken,  Duncan  and  Sladen) ;  Spiti- 
bergen,  Finmaik;  Korwegiau  coaat,  60-200  fathoms  (Sat- 
man).  "  A  very  characteristic  cold-water  species  "  (Liitken). 
At  one  "  Challenger"  station,  off  east  coast  of  Xorth  America, 
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Ophiomusium. 
OphiwriiLsiym  Lymaniy  Wyv.  Thorns. 

1873.  Ophionmnum  Lymani,  Wyyille  Thomson^  Depths  of  the  Sea,  pp.  100, 

173,  figs.  32,  33 ;  London. 
1882.  ,,  ,,        Lyman,  Zool.  ChalL  Exp.,  pt.  ziv.,  p.  90. 

1882.  ,,  ,,        Yeirill,  Amer.  Joarn.  Sci.  and  Arts,  YoL  xxiii., 

p.  219. 

HabUat.  British  Seas. — OflF  the  south-west  of  Ireland, 
180  fathoms ;  warm  area  of  the  Faroe  Channel  (Thomson). 

Other  Localities. — East  coast  of  North  America  (Verrill, 
Lyman);  near  the  Azores,  900  fathoms;  off  Tristan  da 
Gunha,  north  of  New  Zealand,  south  of  Papua,  off  Japan, 
South  Pacific,  1825  fathoms  (Lyman). 

OPfflOMYXA. 

Ophi^yxa  s^erUarvi,  Lyman. 

1883.  Ophum^yxa  serpentaria,  Lyman,  BnlL  Mas.  Comp.  Zool.,  vol.  z.,  No. 

6,  p.  274. 

1884.  „  „  Hoyle,  Proc  Roy.  Soc.,  Edinb.,  June  16. 

Habitat.  British  Seas. — Only  one  specimen  of  this  species 
has  yet  been  obtained,  viz.,  by  H.M.S.  "  Porcupine,"  in  the 
cold  area  of  the  Faroe  Channel ;  depth,  363  fathoms  (Lyman). 

OPfflOPHOLlS. 

Ophiopholis  areata,  Gray  (0.  F.  MiilL). 

1733.  BeUis  seolopendrica,  Linck,  De  StelL  Marin.,  p.  52,  pL  zl.,  fig.  71. 

1776.  AsUriaa  aeuUcUa,  O.  F.  Mfill.,  ZooL  Dan.  Prodr.,  p.  235,  No.  28411. 

1780.        ,,       ophiuru,  Fabr.,  Fauna  Groenl.,  p.  371. 

1783. 

1788. 

1789. 


If 


aeuleaUi,  Retz.,  Asterias  Gen.,  p.  240. 

Linni,  Syst  Nat,  £d.  ziii  (Qmel.),  p.  8166. 
0.  F.  Mfill.,  Zool.  Dan.,  p.  29,  pL  zciz. 
1817.  Ophiura  flemingii  et  0.  ammathea,  Leach,  ZooL  MiscelL,  yoL  ii.,  pp. 

55,  56,  pL  IxTJT.,  figs.  1-3. 
1828.        „        bellis^  Fleming,  Edin.  New.  PhiL  Jonr.,  toL  viiL,  p.  298. 

1828.  „  „      /(i,  British  Animals,  p.  488. 

1829.  Ophioeoma  bellia,  Forbes,  Mem.  Wem.  Soc,  Edinb.,  toL  viii.,  p.  126. 
1835.  Ophiura       „      Johns t,  Mag.  Nat.  Hist,  p.  595. 

1840.  OphioUpia  {Cphiopholis)  aoolopendrieaf  MfilL  and  Tr.,  Archiv  f.  Natnr- 

gesch.,  p.  328. 

1841.  Ophioeoma  beUia,  Forbes,  British  Starfishes,  p.  58. 

1842.  OphioUpii  (OpMopholia)  acoU^pendriea,  Mfill.  and  Tr.,  Syst  d.  Aster., 

p.  96. 
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186a.  OpkiopMit  aeulaUa,  Ltk.,  A'ldit.   td  HUL,  pL  L,  p.  60^  pL  iL,  igi. 

IS,  le. 
1865.  „  btllu.  Lymui,  111.  CM.  Mu 

pi.  L,  flg*.  l-S. 
IMS.  „  aeul«ala,  Norman,  Aon.  ui.l  Hag.  Nat  HUt.,  Mr.  X,  vuL 

XX.,  p.  112. 
1877.  „  „       HareiizellGr,  Denkacbr.  i.  k.  Ak»d.  WiM.  Wten, 

Bd.  xx«v..  p.  MS. 
1S80.  „  tellit,  Honlmau,  Proc.  K07.  rhja.  Soc,  Ediah,  to).  ▼., 

p.  201. 
1SS1.  „  „      LMliaandHenlmaQ,  /lid.,  toL  tL,  p.  87. 

188S.  „  anJaUa,  Lymui,   Zoo).   Chall.    Exp.,   pL   xiT.,  |i.  112  ; 

Proc  Eoj,  Soc,  Edinb.,  vol.  xL,  p^  707. 
ISBS.  ,,  „         HolTaiMiu,   Kicdtrland.  ArcbiT  £   ZooL  Bvppl.- 

Bd.  i.,  Uef.  8,  Echin.,  p.  fi. 
Bell,  Joura.  Lion.  Soc.,  Load.,  voL  xrii.,  p.  101. 
Hoyle,  Proc  Kay.  Soi-.,  Edinb.,  JoM  It. 
British  Seas. — All  rouad  our  coasts,  but  scarcer 
1) ;  Isle  of  Man  (B.  M.  CoIL) ;  Firth  of 
Cromarty  (Copenliageu  Museum).  It  was  found  by  the 
"  Enight  Errant"  and  "  Triton,"  in  the  Faroe  Channel ;  depths, 
53  to  560  fathoms  (Lyman,  Hoyle).  It  appears  to  be  rather 
more  abundant  in  the  shallower  waters. 

Other  Localitiea — 14'orwegian  coast,  down  to  200  Cathoms 
(Norman) ;  Barents  Sea  (Hoflmann) ;  Spitzbergen  (Liitkeii) ; 
eastern  and  western  shores  of  Greenland  (Liitken,  Dancan 
and  Sladen).  It  has  been  dredged  off  the  north-east  coast  of 
North  America,  both  by  the  "Blake"'  and  the  "  Challenger ;" 
depths  from  80  to  300  fathoms. 


1S8S. 

issi. 

ffabitat. 
in  the  south  (Noi 


Ophiopus. 
Ophicpus  arcticus,  Ij'n. 

Illlll.  Ophiopu*  aTctuMi,  IJa.,  Oph.  viT.,  p.  309. 

1872.  O^phian^na  abysaoram,  Sara,  Kye  Bchio..  p.  42. 

187G.  Ophiopiu  arclKua,  Ltk.,  tn  Arctic  Msnnal,  p.  ISG. 

1SS2.  „  „         Ljman,  Zool.  Choll,  Hxp,,  pt,  xiv.,  p.  IBS. 

1884.  „  „        Hoyle,  Proc  Roy.  8oa.,  Edbb..  Juno  18. 

Habitat.  British  Seas.—  This  arctic  species  was  taken  by 
H.M,S.  "  Porcupine  "  at  one  station  in  the  cold  area  of  the 
Faroe  Channel ;  depth,  384  fathoms. 

Other  Loca!ilie3.~Spitzbergen,  Norway,  400  fathoms  (Ly- 
man) ;  Greenland  (Liitken). 

OpmoscoLEX. 
Opkioseolex  glaciaiia.  Mull,  and  Tr, 
1S42.    OpMmcoUx  gladalii,  UUll.  and  Tr.,  Sjst  d.  Aster.,  p.  lOS. 
1861.  „  ,,       Sara,  Oversigt  Norgea  Echin.,  p.  7. 

1882.  „  ,,         LTinBn,  Zool.  ChalL  Exp.,  pt.  xiv.,  p.  234. 

1882.  „  ,,        Id.,  Proc  Koy.  8ac.,  Blinb.,  toI.  xl,  p.  707. 

1882.  „  „        Hoffmann,  Niederliind.  ArcMv  f.  Zool.,  Suppl.- 

Bd.  i.,  Lief.  S,  Echin.,  p.  S. 
1B83.  ,.  ,,         Lyman,  Bull.  Hub.  Comp.  Zool.,  tuL  x.,  Ho.  6, 

p.  288. 
188*.  „  „         Hoyle,  Proc  Roy.  Soc,  Ediob,,  June  IB. 

Habitat.  British  Seaa. — Three  stations  in  the  Faroe  Chan- 
nel (cold  area) ;  depths,  290-375  fathoms  (Lyman,  Hoyle). 

Other  Localities. — Scandinavian  coast  (Sars,  Dtiben  and 
Koreu) ;  Barents  Sea  (Hoffmann) ;  Greenland  (Liitken) ;  ^ 
Spitzbergen  (Liitken),  One  "  Blake "  dredging  off  the  east 
coast  of  North  America ;  depth,  197  fathoms  (Lyman) ;  New 
England  coast,  115-238  fathoms  (Verrill).* 

Opkioseolex  purpii/TPua,  Diiben  and  Keren. 
134S.    Opkioxxkx putyurnu,  DQb.  and  Ear.,  Ofvera.  Skaad.  Ecbin.,  p.  23S. 
1888.  .,  ,,  Ion.,  Oph.  viv.,  p.  827. 

1878.  ,,  „  Lyoiui,  Bnll.  Hub.  Comp.  ZooL,  vol.  v.,  pt.  8, 

p.  233. 
1882,  „  „  Id.,  ZooL  ChalL  Exp.,  pt  liv.,  p.  231. 

1881.  „  ,,  Boyle,  Proc.  Roy.  Soo„  Edinb.,  June  18. 

Habitat.    British  Seas. — Five  stations  in  the  warm  area  of 
1  Arctic  Manual,  p.  185,  187G. 
*  Amer.  Journ.  Sci.  and  Arts,  vol  xiiii.,  p.  210,  1S8Z 
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the  Faroe  Channel,  depths  64  to  767  fathoms,  and  one  si 
in  the  cold  area,  depth  G32  fathoms  (Iloyle). 

Other  Localities. — Coast  of  Norway  (Sars) ;  Haidanger 
Fjord,  160-200  fatboius  (Norman) ;  West  Indies,  190  fothonu 
(Lyman). 

Ophiotiirix. 
Ophiothrix  fragiXia,  Diih.  and  Kor.  (0.  F.  Mali). 
17B9.   AiUrini fraoitU,  Mtkll.,  Zool.  Dan.,  vol.  iiL,  p.  28,  pL  xeriil. 
1812.   Opkialkrix  RammelilieT^i,  MulL  >nil  Tr.,  SyiL  A.  AiUr.,  p.  IIS,  pL 

viiL,  fin.  3. 
181S.  ,,       /raijilit.  Id.,  Ibid.,  p.  110.  pL  U.,  fig.  8. 

184S.  „  ,,        DtiK  ami  K.ir.,  Ctfren.  SkaniL  Echla.,  p.  2S8. 

1857.  .,        tilba{1\  Orube,  .Inliivf,  NitiiTK-,  P-  8**- 

1865-  „        fratjUiii,  Korraan,  Aim.  Mid  Uag.  NiL  HiaL,  aar.  S,  toL 

IT.,  p.  107. 

180S.  ,.  „        (pan),  Ltk.,  Addit  ad  llUt,  pt  iii.,  p.  61. 

1S71.  „  .,       Lyniin,  Hull.  Mua.  Comp.  Zool.,  toL  Ui.,  pt.  10, 

p.  £49. 
1879.  „  ..        LnilwJK,  Mitthvil.  d.  zool.  8ut.  Neapd,  Bd.  L, 

p.  5G1. 
1882.  „  ,,         LymaD,  ZooL  Chnll.  Eip.,  pt  xiv.,  p.  8S4. 

1884.  „  ,.         Hoyle,  Proc  Roy.  Soe.,  Ediiili.,  JmiBlflk 

Habitat.  British  Seas. — All  round  our  coast  (Nonnaa)  ; 
Faroe  Channel,  two  stations  in  the  warm  area,  depths  87  and 
516  fathoms  (Hoylo). 

Other  Localities. — Scandinavia  (Diiben  and  Keren) ;  North 
Sea  (Copenhagen  Museum) ;  Mediterranean  (Ludwig). 


Ophiothrii;  LUtl'cni,  Wyv.  Tlioms. 


Mr  Gunn  on,  (he  Silver  districts  of  Colorado.         155 

1882.  Ophtothrix pcnl^phyaHm,  Lyman,  Zool.  ChalL  Exp.,  pt  liv.,  p,  226. 
1882,  ,,  ,,  1,1.,  Proc.Roy.Soo.,  Edinb-.yoL  iL,p.  707. 

Habitat.  British  Seas. — All  parts  of  the  coast  (Forbes) ; 
Firth  of  Forth,  Lamlash  Bay,  Arran  (Leslie  and  Herdman) ; 
Faroe  Chanuel,  53  fathoms  (Lyman). 

Other  Locahties. — North  and  west  of  France  (Lyman). 

There  is  some  little  doubt  about  the  distribution  of  this 
species,  as  Forbes  and  Norman  do  not  distinguish  between  it 
and  O.fragilis. 

Lyman,  in  his  "  Challenger  Report,"  gives  its  British  dis- 
tribution as  "  south  of  England,"  but  there  can  be  no  doubt 
about  the  specimens  which  he  identified  from  tfae  "  Knight 
Errant "  dredgings. 

The  above  list  contains  thirty-seven  species  {three  belong- 
ing to  the  family  Astrophytida),  whence  it  appears  that  the 
number  of  Ophiuroids  known  to  inhabit  British  Seas  has 
more  than  doubled  during  the  past  twenty  years. 

It  may  also  be  remarked  that  the  only  species  which  have 
been  found  nowhere  else  than  in  British  Seas  are  three 
{OphitAyrsa  hyslricis,  Ophiochiton  tenuispinits,  and  Ophiomyxa 
strpeniaria),  which  were  dredged  by  H.M.S.  "  Porcupine  "  at 
isolated  points  in  the  Faroe  ChaoneL  Perhaps  Opkiothrix 
pentaphyllum  shonid  be  added  to  these,  aa  its  "  other 
localities "  belong  to  the  same  zoological  province  as  the 
British  Seas,  viz.,  north  and  west  of  France. 

XV,  On  the  Silver  Districts  of  Colorado  (Lmdmlle  and  San 

Juan).     By  Henhy  Gusn,  Esq.,  AssocRS.M.,  etc. 

(Road  23d  April  1881.) 

Abstract. 
In  the  first  portion  of  the  paper,  which  dealt  with  the 
Leadville  deposits,  the  author  pointed  out  that  within  a 
limited  thickness  of  from  700  to  1000  feet,  typical  represen- 
tatives of  Laurentian,  Cambrian,  Silurian,  and  Carboniferous 
rocks  were  to  be  found,  and  also  indicated  the  influence 
which  intrusive  rocks  had  in  the  exposition  of  the  mineral 
veins,  as  all  the  deposits  occurred  at  the  contact  of  the 
quartz  porphyry   with    the   limestones.      Specimens   illus- 
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trative  of  the  ores  mined  in  the  diatrict  vere  exhibited; 
also  some  poaaessing  unusual  osBociations  of  minnniln  » 
specimen,  showing  grauules  of  free  gold  in  hard  carboiute 
of  lead,  attracting  much  attention,  ^m  the  fact  that  it  was 
the  only  specimen  ever  discovered  in  the  district  exhibiting 
this  conjunction.  Mr  Gunn  exhibited  specimens  of  telloriun 
ores  of  remarkable  beauty,  and  a  sample  of  zinc  blende  mined 
in  large  quantity  in  Pitkin  County,  which,  contiaiy  to  the 
opinion  generally  held  by  miners,  contained  large  qnantaties 
of  silver.  The  second  portion  of  the  paper  dealt  wiA  Ae 
San  Juan  district,  and,  after  indicating  the  peculiar  diaad- 
vanti^es  under  which  this  district  laboured  for  the  first  few 
years  of  its  existence,  proceeded  to  describe  its  geologj, 
which  he  stated  to  be  Trachyte,  overlying  rocks  of  Carboni- 
ferous and  Devonian  age.  The  mineral  is  found  in  tnu 
fissure  veins  of  great  width,  chiefly  composed  of  quaitEoae 
matter,  but  usually  carrying  une  or  more  grey  streaks,  from  two 
to  six  feet  wide,  composed  of  galena,  fahlerz,  and  sulphoretB  of 
silver  and  gold.  Some  of  the  mines  produce  beautiful  filamenta 
of  native  silver.and  one  of  the  specimens  showed  aveiy  onuaiul 
association — viz.,  fine  filaments  of  silver  on  grey  copper. 

XVL  On  BouXder-Qlaeiatvm.  By  Hugh  Millbi^  Esq., 
AR.S.M.,  F.G.S.,  Honorary  Member  of  the  Tyneside 
Field  Club.     [Plate  VI.] 
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II.    FliUXION-STBDCTTfteB   tH  TtLL. 

LoDfiitiidiaal  Striation  orstonei. 
Their  Strintion  bj  inoaDB  of  the  Matrix. 
Olaoitttion  of  tho  Matrix. — Microscopic  Bonlders. 
FlDxion  in  Running  Till. 
FluiioD-Structnre  in  Till  in  sUu. 

Tlie  Marement  differential^ — Thicknoga  of  Floxion  Isyer. 
Distribvition  of  Flaxion-StructDres  in  the  Till. 
Orientation  by  nieaoa  of  Floxion -Strncturca. 
^  iii.  cobclpbion, 

Introduction. 
The  boulder-clay  has  long  been  considered  a  formation 
sui  generis.  Its  indiscriminate  assemblage  of  materials  of  all 
sorts  and  sizes  and  weights  is  the  fact  that  seems  first  to 
have  struck  the  earlier  observers  of  this  singular  deposit.  It 
was  totally  unlike  any  stratified  deposit  of  which  they  had 
experience.  It  had  undergone  no  sifting  or  assortment, 
either  in  the  powdered  matter  that  constituted  its  matrix, 
or  in  the  miaeellaneoua  boulders  that  were  flung  as  if  at 
random  all  through.  Poor  Robert  Dick,  working  all  alone 
up  at  Thurso,  seems  almost  to  have  got  angry  with  its 
peculiarities.  It  difl'ers  entirely,  says  he,  "  from  every  other 
thing  on  the  earth's  surface.  It  is  not  a  conglomerate.  It 
would  never,  though  consolidated,  form  a  bed  similar  to 
conglomerate.  It  is  not  a  production  of  the  Mosaic  deluge. 
It  is  not,  strictly  speaking,  a  production  of  the  sea.  It  is 
not  the  sweepings  of  a  sea  shore.  No !  nothing  of  the  kind. 
No  Mosaic  deluge  could  have  produced  these  beds  of  dark 
stony  clay.  No  ocean  waves  alone,  by  the  friction  of  ten 
thousand  years  on  rocky  strata,  could  have  done  it  No ! 
Tens  and  hundreds  of  millions  of  steam-mills,  grinding  stones 
night  and  day  for  a  thousand  years,  could  not  have  done  it. 
No  sea  casts  up  anything  like  it.  It  is  a  distinct,  generic 
production,  fairly  entitled  to  a  place  by  itself." 


The  Bovlder-Clay  not  Struclureless. 

The  apparently  random  character  of  the  formation,  how- 
ever, has  too  often  led  geoloyists  to  consider  it  as  structure- 
less.    "  The  boulder-clay,"  says  Professor  Hull,  "  is  entirely 
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atructureless." '  "  Save  with  Bome  rare  exceptions, "  sayB  Mr 
Archibald  Geikie,  "its  boulders  are  not  arraoged  in  any  deter- 
minate manner."*  "Typical  till,"  says  I*rofa8sor  Green,  "ij 
a  tough,  dense  clay  .  .  .  stuck  as  full  as  it  can  hold  of 
stones  of  all  sizes,  which  are  not  arranged  in  any  oider,  bat 
look  OS  if  they  had  been  forcibly  rammed  in  anyhow."  ■ 

Good  till  greatly  resembles  one  of  these  concretes  in 
which  stones  and  shingle  of  many  shapes  and  sizes  have  been 
thrust  into  a  paste  of  soft  asphalt.  Now,  in  a  pavement  of 
this  kind,  we  miglit  expect,  in  favourable  circumstances,  to 
find  certain  structures.  If  the  pavement  hod  been  repaired 
or  patched  by  simply  placing  a  new  concrete  here  and  then 
upon  the  top  of  the  old,  we  should  find  inside  it  groupa  of 
stones  with  their  upper  surfaces  worn  down  by  the  traffic,  or 
perhaps  grooved,  after  the  manner  of  some  of  our  atreat 
causeways,  by  the  passage  of  wheels.  Again,  if  the  asphalt 
had  been  placed  upon  a  slope,  and  in  a  too  pasty  condition^ 
it  might  have  made  of  itself  a  sort  of  miniature  glacier — 
SQch  as  Sir  William  Thomson,  I  am  informed,  occasionally 
exhibits  to  his  class  at  Glasgow.  And  having  been  in 
motion,  we  m^ht  expect  to  find  a  rude  sort  of  fiaxum- 
structure  developed,  comparable  to  that  which  is  fonsd 
among  certain  igneous  rocks. 

Both  these  structures  are  characteristic  of  the  boulder- 
day  in  a  degree  hitherto  not  much  noticed ;  and  it  ia  to  the 
facts  respecting  them  that  I  devote  this  paper.    They  will 
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made  by  him  in  railway  cuttings  near  Edinburgh.  "  In 
examining  some  of  the  blocks  of  larger  size,"  he  says,  "  we 
find  the  upper  surface  and  two  of  the  sides  finely  dressed, 
while  tlie  lower  surface  and  the  two  ends  are  either  much 
lesa  dressed  or  actually  rough  and  angular.  It  is  remark- 
able," he  continues,  "  that  in  such  stones,  tJiough  lying  at  a 
great  distance  from  one  another,  we  find  the  direction  of  these 
fine  groovings  which  constitute  dressing  ^enern//y  to  correspond, 
and  to  point  in  a  direction  E.  and  W,  {i.e.,  the  direction  of  the 
rock-striie   in  the  district).     .     .     .     This   cannot  well  be 


than  that  their  surface 
ion  they  now  occupy  to  the 


explained  on  any  other  suppositio 
had  been  subjected  in  the  positio 
flraoothing  action  of  hard  substances  rolled  by  a  current  of 
water  from  the  west.  ,  .  .  Some  of  the  laiger  blocks  are 
polished  on  the  upper  and  not  on  the  under  side.  This  evi- 
dently shows  that  the  clay  did  itoi  close  round  them,  at  once, 
but  that,  after  the  part  below  was  firm,  the  current  above, 
bearing  other  day  and  stones  with  it,  was  still  in  motion." 

Ten  years  later,  Mr  Milne  Home's  notice  was  attracted  by 
certain  boulders  striated  in  situ  on  the  shore  at  Joppa,  He 
suggested  that  simUar  observations  should  be  made  wherever 
possible.*  In  1845  and  1848,  Mr  Smith  of  Jordanhill  ob- 
served parallel  strisE  on  the  upper  surfaces  of  imbedded 
stones  on  the  shore  of  the  Gareloch,  near  Glasgow. 

In  1852,  my  father  brought  into  notice  certain  causeway- 
like pavements  of  boulders  near  Portobello,  which  remain,  so 
far  as  I  am  aware,  without  any  precise  paralleL  "There 
occurs  deep  in  the  clay,  at  two  several  points  on  our  coast, 
what  I  have  ventured  to  term  pavements — for  such  is  their 
appearance — composed  of  boulder  stones  laid  as  in  a  common 
pavement,  with  their  smoother  surfaces  upwards,  .  .  . 
grooved  and  rutted.  As  decidedly  as  the  greenstone  cause- 
ways of  our  streets  bear  evidence  in  their  scratched  and 
furrowed  smfaces  of  the  heavily-laden  carta  and  waggons 
that  have  passed  over  them,  are  these  pavements  of  the 
boulder-clay  charged  with  evidence  that  great  moving  masses 
had  also  dmgged  their  ponderous  weight  over  them.     But 

■  On  the  Midlothian  and  East  Lathiui  CuttlGeldi  (Trans.  Rof.  Sue., 
Edinb.,  vol.  xiv.,  18!8.  p.  311). 
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the  agent  was  evidently  the  same  as  that  vhioh  grooved  and 
polished  the  rocks  beneath.  .  .  ,  All  of  them  I  have  yst 
observed  have  their  direction  and  striation  E.N'.E. — ^the  general 
direction  in  the  district  of  the  lines  and  grooves  below; 
almost  all  of  them  decline  slightly  to  the  east,  and,  when 
relieved  bj  the  waves,  resemble  low  flat  molea  stretching 
from  the  land  into  the  sea.  They  indicate,  I  am  inclined  to 
hold,  pauses  in  the  formation  of  the  boulder-clay  depoo^ 
during  which  its  general  surface  was  lowered  and  came  to  be 
thickly  covered  with  the  disengaged  pebbles  and  boolden  of 
the  general  mass,  ranged  in  one  place.  And  then  the  old 
agency  recommenced  its  operations,  and  pressing  the  stonea 
down  into  the  mass,  so  as  to  imprint  the  pavement-like  re- 
gnlarity  on  their  surface,  it  grooved  and  striated  them,  as 
when  acting  at  an  earlier  period  on  the  rock  below.  These 
curious  pavements  may  be  regarded  as  conclusive  in  the 
proof  they  fumish  that  the  boulder-clay  was  not,  as  Bome 
think,  a  simultaneously  formed  deposit — the  produce  of  aome 
great  mud-wave  from  the  sea — but  of  slow  formation ;  and, 
further,  that  it  presented  aiuface  after  surface  to  the  great 
grooving  and  polishing  agent  to  which  it  seems  to  have  owed 
its  origin."  >    This  agent  he  believed  to  have  been  icebogs. 

These  remarkable  boidder-pavemcnts  (as  my  father  tenna 
them  in  an  MS.  reference)  were  pointed  out  by  him  to 
Bobert  Chambeis,  who  also  described  them.  *  His  deacrip- 
tion  of  the  "narrow  trains  of  blocks  crossing  the  line  of 


Mr  Iluijh  Milhr  on  Botilder-Glaeiatimi. 


161 


In  1859,  I'rofessor  0.  N.  Stoddard,  of  Miami  Uuivereity, 
apparently  unaware  (like  the  two  observers  last  cited)  of 
previous  notices  of  similar  plienomena,  described  in  America 
a  group  of  l-ll  boulders  of  various  rocks  uncovered  in  a  rail- 
way cutting,  and  all  striated  in  the  direction  of  general 
glaciation.  '*  The  agency  of  runniDg  water,"  he  says,  "  may 
be  dismissed  as  utterly  inadequate  to  explain  the  fact  in 
questiou.  Icebergs  driven  by  waves  and  currents  .  ,  . 
stford  a  solution  but  little  more  ]ilausible.  Icebergs  might 
plough  up  the  bottom  and  scatter  the  fragments,  but  could 
not  retain  them  in  placa  It  seems  necessary  to  admit  that 
they  were  hrmly  frozen  into  the  clay,  aud  thus  held  in  posi- 
tion while  some   overlying   mass   slowly  ground   off  their 


Nothing  has  been  done  since  185!^  that  has,  so  far  as  I 
am  aware,  materially  advanced  the  specihc  study  of  boulder- 
glaciatiou,  except  that  here  and  there  boulders  have  been 
observed  and  recorded  as  having  been  found  striated  in 
place.  It  does  not  appear  that  any  of  the  groups  have  been 
laid  quite  in  the  pavement  form,  Mr  Archibald  Gellde, 
to  whose  review  of  the  worii  of  previous  observers  I  have 
been  indebted  for  references,  describes  two  "striated  pave- 
ments" (the  adjective  was  added  by  Mr  Geikie),  one  on 
the  coast  of  Berwickshire  and  another  on  the  shores  of  the 
Solway.  Both  of  these  appear  to  have  consisted  of  a  number 
of  blocks  "  imbedded  irregularly  "  in  the  boulder-clay.  Mr 
Geikie  pointed  out  that  it  was  not  oa  yet  rendered  quite 
certain  that  the  striated  blocks  had  Iain  under  true  till ;  that 
they  had  as  yet  been  observed  only  near  the  coast;  and  that 
their  striation  was  possibly  a  record  of  "  the  second  great  era 
of  the  drift,"  namely,  that  of  floating  ice.* 

Since  1863,  the  instances  of  boulder-glaciation  of  which  I 
have  found  specific  mention  have  been  recorded  chiefly  by 
Mr  Milne  Home  aud  Mr  John  Henderson  in  connection  with 
the  Boulder  Committee  of  the  Iloyal  Society  of  Edinburgh. 
Mr  Milne  Home,  not  forgetful  of  his  early  statement,  that 

'  Aci«rii;aii  Joiirii.  of  SuUncr,  vol.  xiiiii. 
•  Oq  tho  GlMiU  Drift  of  Suotlmid  (Trm 
piirl  2.  18«3,  |K  08). 
VOL  VUI. 
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"  it  is  an  object  of  some  importauoe  to  asoeitain  the  diiecdon 
of  these  ruts  "  even  on  single  boulders,  has  given  imweaiied 
attention  to  certain  minutis  of  boulder-glaciation,  which 
few  others  have  thought  worthy  of  notice, — not  only  tha 
direction  of  the  striae,  but  their  arrangement  on  the  stone^ 
their  limitation — or  the  reverse — to  its  upper  sidei,  the 
direction  of  its  longer  axis  and  pointed  end — to  all  the 
paiticulais,  in  short,  to  which  attention  bad  been  called  by 
the  early  school  of  observers,  of  which  he  is  happily  a 
survivor.  These  observations,  however,  tentain  acattend 
and  undigested. 

By  writers  on  glacial  subjects  the  "striated  pavement! " 
have  been  chiefly  referred  to  as  a  remarkable  phenomenon  that 
at  least  must  not  be  left  oat  of  sight.  Each  writer  has  been 
quite  able  to  find  a  place  for  them  in  his  own  bypothenSi 
By  some  of  the  advocates  of  till-formation  under  half-fl 
glaciers  they  have  been  viewed  as  records  of  the  ii 
pleasure  exerted  on  the  accumulating  materials.^  By  Ur 
Goodchild,  who  regards  the  till  as  one  great  charge  of  matoriala 
incorporated  into  the  ice  and  left  behind  when  it  melted,  Uka 
the  litter  of  the  St  Petersburg  streets  after  the  spring  thaw, 
they  are  considered  as  due  to  fits  and  starts  of  sabsidenoe  in 
the  melting  mass.*  In  Professor  James  Geikie's  great  mtk 
they  are  referred  to  among  the  non-marine  beds  intercalated 
with  the  Scottish  till,  of  which,  as  all  geol<^{ists  know,  he 
supports  the  sub-glacier  origin ; '  and  by  Dr  Croll  they  warn 
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been  in  the  habit  of  giving  to  the  glaciation  of  boulders 
something  of  the  attention  that  it  is  usual  to  bestow  upon 
the  glaciation  of  rocka.  My  opportunities  of  observation 
have  chiefly  lain  inland  among  stream  sections  and  railway 
cuttings,  I  looked,  therefore,  not  so  much  for  boulder- 
pavements  as  for  parts  of  pavements  or  pavement-bouldera, 
such  as  imperfect  sections  might  reveal,  and  began  to  note 
the  glaciation  of  striated  boulders  in  groups  of  five  or  ten, 
and  then  in  twos  and  threes,  and  ultimately,  as  experience 
and  data  increased,  singly. 

The  general  conclusion  to  which  these  observations  haa 
led  may  be  stated  in  a  word.  T?ie  larger  boulders  in  the  till, 
qmte  irrtspedivt  of  any  arraTigemeiU  in  pavemeitt  f(frm,  are,  in 
favourable  situations  glaciated,  if  at  all,  in  the  direction  of 

Throughout  the  Border  Counties  of  England,  from  the  east 
coast  at  Newcastle  and  Tynemouth  to  Carlisle  and  Silloth 
upon  the  west,  the  evidence  on  the  whole  is  uniformly 
trustworthy  and  to  the  point.  It  cannot  be  said,  of  course, 
that  the  larger  boulders  always  bear  striae.  It  is  scarcely  less 
usual,  however,  to  find  the  boulders  striated  in  their  place  in 
the  till  when  the  till  is  good  than  to  find  the  rock  glaciated 
underneath. 

It  is  not  necessary  to  enter  in  detail  upon  the  glaciation 
of  the  north  of  England.  In  general  terms,  Northumbrian 
glaciation  may  be  roughly  divided  into — (I.)  general  glacia- 
tion, crossing  the  watershed  from  the  west ;  (2.)  valley 
glaciation,  where  the  ice  held  with  the  valleys ;  and  (3.) 
glaciation  of  the  sea  board,  or  along  the  coast  from  the  north. 
When  the  rock-stri^  and  bouIder-striiB  marking  this  glaciation 
are  set  upon  a  chart  side  by  side,  and  distinguished  by  means 
of  different  colours,'  the  two  kinds  of  evidence  are  seen  to 
agree  in  every  detail.  We  are  presented,  in  short,  with  two 
modes  of  arriving  at  the  same  facts,  one  of  which  might 
have  been  pursued  if  the  country  had  been  entirely  drift- 
covered  and  the  rock-striai  invisible.  Both  the  boulder-atrise 
and  the  rock-strioi  occur  practically  at  all  levels  from  the 
watershed  to  the  coast.  The  highest-lying  rock-strise  are 
'  As  wu  dona  ia  >  chart  exhibited  whett  this  paper  van  rend. 
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preaerved  at  1500  feet  above  the  sea ;  the  highest  bonldei^ 
striie  occur  at  an  elevatioo  of  1400  feet  The  lowest  of  each 
are  at  the  coast  line.  There  are  tracts  also  which  tliew  two 
kinds  of  glaciation  agree  in  rej^stering  as  debataUe  gnmnd. 
— where  the  ice  passed  now  in  one  direction  and  now  in 
another. 

The  north  of  England  bouldei^ctay  might  with  moeh  troth 
be  described  as  <m«  great  gtriaied  pavenmt} 

OlaciatioD,  however,  bore  by  no  means  equally  apon  all 
parts  of  the  tilL  In  certain  hoUows  and  notches  of  the 
surface — in  many  of  the  narrow  preglacial  stream-channels, 
for  instance,  which  the  ice  crossed  at  right  angles,  the  till 
found  a  secure  lodgment,  and  could  remain  undiaturbed. 
During  the  formation  of  a  new  reservoir  for  the  Xewoaatle 
water-supply  near  Chollerford,  the  preglacial  ravine  of  the 
Dry  Dum,  a  feeder  of  tlie  North  Tyne,  was  excavated  to  a 
depth  of  26  feet  below  the  level  of  the  modem  streanL  The 
stiff  till  that  had  occupied  it  was  full  of  boulders,  many  of 
them  having  the  characteristic  smooth  lobe-shape.  These 
bouldera  were  lying  as  if  hustled-iu  in  the  passing,  and  tlieir 
axes  and  strife  were  disirased  at  random.  This  old  ravine  lay 
at  right  angles  to  the  line  of  ice-moveweut 

For  several  reasons  also  it  ia  more  dithcult  to  obtain  good 
glacial  evidence  from  boulders  among  the  drift  at  high  levels. 
The  high  level  drift  is  often  raw  material ;  the  sections  of  it, 
too,  are  increasingly  obscure  as  wu  osceud.    It  is  on  the  open 
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my  father's  boulder-pavements ;  two  have  been  observed  by 
Mr  John  Henderson ;  and  the  remaining  four  are  from  my 
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own  note-book  I  subjoin  a  list  of  the  localities  and  autho- 
rities. A  number  of  rock-strise  are  denoted  upon  the  map 
for  comparison. 


BotUder-SCruB  near  Bdiriburgh. 


LOCALITT. 


Disionoii. 


Railway     catting,     Dal-' 

honsie  Mains, 
Beside    railway   viadnct, 

Korth  Esk,  .        .        .  f 
Railway  cutting,  WMte- 

hiUMains,  .        •        .j 

Waterworks,  AlnwickHill, 
near  libertony 

New  dockSy  east  end  of) 
Leith, .        .       .        .  ( 


OBSnYKL 


Maclaren,  Scotsman  1828, 


From  1  to  4  points,  J     and  Geol.  of  Fife  and 
N.  of  E. 


S.£.  by  E. 
(magnetic.) 

£.  byS. 
(magnetic) 


the  Lothians,  p.  290  of 
2ded. 

Mr  Black,  snpt,  quoted, 
4th  Rept.  Bldr.  Com- 
mission^  Roy.  Soc.» 
Edinb. 

!  Milne  Home,  4th  Rept, 
Bldr,  Commission* 
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IToirhaTaii  uid  Eiliabar|[b  I 
Oil  tho  Aon  tt  Jopp*,  .  j 
8«id  i>it,  Tjnecutle,       ,  j 

FilljNde,  weat  of  Porto-  J 

bflllo i 

Kur    HaiMaUn    Bridgo,  I 

CMt  of  FortobsUo.        .  \ 

New  KoJhall  Q1UI117,       .       Ifcarl;  E.  and  W. 


Wfadpaide,  Water oTLeith,  ) 
■boT«  Carrie,        .         .  \ 

Bothcaa^  Flace,  Edjn-  | 
burgh,  .         .  ( 

Oronton  pier,  wait  of  j 
Cuatom  MouM,     .         .  { 

Cutting,  Sabarhan  Hail-  i 
war,  betwMO  Joppaaud  ^ 
Kiddrie,  .  ) 

Cutting.  Sabnrban  Rail- 1 
way,  ColintoD  Bnad,    .  { 


E.  and  W. 
E.  10-15  K. 
(fl  bDuIdert.) 
E.  6  N.— E  16  N. 
(42boulden) 

E.10N. 
(4  bonldrn.) 
E.— E.  SOS. 
(7  bouldi^n.) 


iMilDB  Home,  Tmw.  Bojr. 
80c..  Edinb..ToI.  xiT., 
p.  Sll  (1S3S). 
SMiloB  Home,  Tniu. 
Geol.  8oe.,  StUnb,,  vol. 
iL,  p.  US. 
agh  Miller, 
and  iU  If  didkba 
p.  S5. 

John  Hendwwii,  TnaM. 
Edinb.  Gcol.  Soc,  vol. 
ii.,  pL  3». 
Ilendenwn,  iUi.,  toL  ii, 
p.  200. 


The  unanimity  of  this  evidence  Ib  obvious  at  a  glance.  It 
is  especially  interesting  to  observe  the  tendency  in  botb 
kinds  of  striie  to  divide  around  Arthur's  Seat 

Little  more  need  be  said  about  the  evidenee  of  diredwiL 
furnished  by  the  glaciation  of  boulders  lying  t»  aia  in  the 
till'  There  are  some  further  details,  however,  which  the 
glacialist  will  pardon  me  for  entering  upon.  Some  of  theie 
may  be  found  of  practical  use  in  reading  off  the  evidence  in 
the  field ;  some  of  the  others  have  more  or  less  of  a  general 
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The  figure  (Fig.  2)  represents  part  of  a  fine  gi'oup  of  glaciated 


Pavenient-boalders  in  Till  on  the  forc-aborc,  Northuniborluiil. 

boulders  sticking  in  clay  upon  the  Northumbrian  coast.  A 
group  somewhat  similar,  showing  all  the  features  of  boulder- 
glaciation,  can  be  seen  at  half  tide  upon  the  shore  towards 
the  west  side  of  Granton  Harbour.  West  of  the  Custom 
House  I  counted  forty-two  of  them.  The  angle  of  the 
abraded  slope  varies,  so  far  aa  I  have  observed,  between 
7  and  25  or  30  degrees.  The  longer  axis  of  the  stone  is 
often  directed  in  the  line  of  glaciation,  and  the  pointed  end 
is  frequently,  but  by  no  means  always,  (see  Fig.  4,)  towards 
the  ice. 


The  Stria:. 

In  the  largest  size  of  boulder,  the  depth  and  firmness  of 
the  strJEe  differs  in  no  degree  from  the  groovings  on  solid 
rock.  In  the  boulder  represented  in  Fig.  3 — a  fine  boulder  of 
Corstorphine  greenstone,  about  6  feet  long,  recently  uncovered 
beside  Rothesay  Terrace — the  scoring  was  as  deep  and  the 
polishing  as  fine  as  in  the  best  rock  glaciation,  the  largest 
scores  being  half-an-inch  broad  by  one-eighth  of  an  inch 
deep.  The  strise  in  this  case,  which  may  be  taken  as  typical, 
were  confined  to  the  top  and  tipper  flanks  of  the  stone.  As 
I  saw  it,  it  stood  about  2J  feet  high  upon  the  cushion  of 
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boulder-clay  on  which  it  still  rested ;  the  stiue 


Graenitunfl  Boulder,  Rothnay  Temcr,  EilinbuTfih.    Lragtb,  8  faoL 

lighter  and  fewer  st  ahout  half-way  down  the  sides,  and  died 
out  at  about  a  foot  and  a  (juarter  from  the  bottom.  The  ice 
had  moulded  itself  to  the  stone  (Fi;;.  4).    Along  its  middle 
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the  whole  of  the  sheltered  portion  was  rough-grained  and 
sub-angular.  Inataneea  may  occasionally  be  met  with  in 
which  both  the  upper  and  the  under  side^Js  striated.  These, 
however,  are  few  enough  to  be  accidental.  "Whatever  was  the 
nature  of  the  glaciating  agent,  it  is  certain  that  the  boulders 
had  undergone  atriation  before  they  came  to  anchor  in  the 
clay,  and  faced  the  glacial  tide ;  and  they  were  liable  to  be 
torn  from  their  moorings  and  turned  over. 


Dfpth  at  which  thf,y  were  imhedikd. 
The  surface-glaciation  of  boulders  ia  common  to  all  parts  of 
the  tilL  In  the  long  railway  cutting  of  the  Suburban  Railway 
at  Colinton,  for  instance,  I  observed  pavement-boulders  at  6, 
10, 15,  20,  25,  and  30  feet  from  the  surface.  The  Granton 
group  of  boulders  to  which  I  have  referred  lie  evidently  at 
the  very  base  of  the  tiU,  where  it  rests  upon  shale,  and  is,  in 
fact,  a  kind  of  shale-mash ;  and  although,  as  was  pointed  out 
by  Mr  Arch,  Geikie,  the  boulder-pavements  on  the  shore 
further  to  the  eaat  are  not  now  actually  covered  by  till,  there 
can  be  no  doubt,  from  the  presence  of  a  small  scar  of  till 
etched  out  by  the  waves  here  and  there  along  the  edge  of 
the  beach,  that  they,  too,  have  lain — to  use  the  words  of 
Robert  Chambers — "  deep  down  in  the  entire  bed,"  and  have 
only  been  laid  bare  by  the  sea. 


Tlu  Bmdder-Pavtm,ents. 

These  boulder-pavementa  differ  from  other  groups  of 
striated  boulders  by  their  partial  arrangement  into  strips  of 
glaciated  causeway. 

During  the  tliirty  years  that  have  elapsed  since  they  were 
last  described,  the  pavements  at  Fillyside  have  considerably 
altered.  They  have  been  better  cleared  out  by  the  waves, 
and  now,  at  half  tide,  they  break  the  margin  of  the  coast  for 
about  a  quarter  of  a  mile  with  a  succession  of  low  spits 
advancing  obliquely  seawards  (PI.  VI.).  There  seems,  thirty 
years  ago,  to  have  been  just  two,  Tiiere  are  now  at  least  six, 
and  indistinct  trains  of  imbedded  boulders  indicate  at  least  as 
many  more  iu  au  imperfect  condition.     The  best  of  them  are 
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linear  strips  like  lanea ;  the  most  remarkable  of  them  all  n- 
semblea  one  of  those  strips  or  "  slips  "  of  causeway,  inelined 
with  the  shore,  on  which  it  is  usaal  to  nm  the  boats  oat  to 
sea.  Their  slight  eastward  fall  is,  of  course,  towards  the 
middle  of  the  valley  now  occupied  by  the  waters  of  the  Forth, 
which  probably  sagged  a  little  towards  the  centre,  aa  many 
drift-filled  valleys  do.  Besides  this  slight  iodine,  two  of 
the  most  lane-like  and  pavement-like  of  them  have,  thiongfa- 
out  at  least  a  part  of  their  leogth,  an  even  dip  of  two  or 
three  decrees  a  little  south  of  east,  or  at  right  angles  to  their 
length.    This  dip  I  am  unable  to  account  for.* 

The  boulder-clay  which  underlies  and  originally  enclosed 
these  boulder-pavements  is  of  a  remarkably  line  and  well* 
kneaded  kind,  atroi^y  clayey  in  its  matrix,  and  handsomely 
varied  in  the  stones  that  mottle  its  surface.  In  quality  it 
contrasts  very  decidedly  with  the  pavement    In  some  places 
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of  a  street  when  the  stones  have  been  raised  for  a  partial 
repair.  The  materials  of  the  pavements  are  aboiit  as  various 
as  the  scattered  contents  of  the  till  And  having  travelled 
different  distances,  with  different  asage,  some  are  more  angular 
than  others. 

While  the  general  slope  of  the  pavements  is  seawards  and 
southwards,  such  of  the  individual  boulders  as  are  best 
striated  have  more  or  less  of  the  usual  cant  towards  the  ice. 
But  they  are  modified  by  their  pavement^grouping  (Fig.  5), 
The  smaller  stones  that  are  fitted  in  among  the  others  have 
escaped  striation  altogether;  others,  rising  a  little  higher, 
have  been  brushed  atop;  while  others,  again,  have  been 
planed  off  as  flat  and  as  square-edged  as  a  laundry-maid's 
iroa  The  stones  that  have  escaped  striation  altogether  form 
perhaps  the  greater  number  of  the  whole.  And  it  must  by 
no  means  be  overlooked  that  some  of  these  boulder-groupa 
upon  the  Fillyside  shore  are  simply  trains  of  boulders  con- 
fusedly huddled  together  and  unstriated :  and  that  it  is  only 
in  places  that  their  arrangement  ia  really  so  workmanlike  as 
in  Fig.  5.  One  large  patch  of  stones  on  the  westmost  side, 
which,  unlike  the  others,  is  broad  enough  to  measure  fully 
70  yards  across,  and  has  only  one  straight  edge,  has  been  so 
lightly  passed  over  that  it  was  only  after  some  search  that  I 
found  any  signs  of  siirface-glaciation  at  aU.  On  the  whole, 
these  boulder-pavements  deserve  to  rank  among  the  most 
singular  glacial  phenomena  in  the  country.' 

Ctmclusions. 
The  four  general  conclusions  to  which  these  observations 
— backed  by  others  e-xtending  over  some  hundreds  of  square 
miles — lead,  may  be  stated,  to  a  considerable  extent,  in  the 
words  of  Maclaren  and  Hugh  Miller,  of  whose  early  obser- 
vations they  can  profess  to  be  only  an  extension. 

'  1  have  not  obai^rvGd  the  sppunuice  of  vhioh  Mr  Robert  Chaiabers  apeuka 
(my  father  makes  na  Blluiiioo  to  it),  of  a  hollow  on  the  pavemcuM,  u  if  wtne 
great  wheel  had  ran  enstwnrrU  mid  left  a  Blight  track.  One  cannot  but 
roiDark,  however,  upon  the  singular  prevalence  of  utrsight  linos  nmunR  these 
boulder  jfronpa,  that  gives  the  whole  serioB  some  reeemblance,  from  a  djatance, 
to  the  hollowi  and  crests  of  a  roadway  deeply  narked  with  rut». 


172 


Froeeedingt  of  tkt  Royal  Fkifneal  Soeutg. 


1.  The  larger  boaldera  thronghoat  the  till,  ma  I  hare 
already  stated,  an  glaciated  generally  in  tha  diiection  of 
ice-flow. 

2.  To  this  glaciation  they  have  been  aabjected  "in  the 
position  they  now  occupy." 

3.  The  till  was,  as  a  formation,  slowly  bailt  up,  and  "  pre* 
sented  snrrace  after  surface  to  the  great  grooving  and  poUshing 
agent" 

4.  The  glaciating  af^t  was  the  same  that  had  alnadj 
acted  more  or  less  upon  the  rocks  below. 

The  applications  of  these  general  facts  may  be  enminariaed 
in  a  few  words.  Wc  have  seen  that  the  glaciated  boolder- 
flurfaces  correctly  register  the  direction  of  ice-moremeuta. 
They  ought,  therefore  (1),  to  serve  as  guides  to  the  glaciation 
of  drift-covered  district,  and  (2)  to  register  soma  of  the 
changes  of  ice-movement  during  the  progress  of  the  forma- 
tion, and  throw  better  light  upon  the  intercrossing  of  enatioi. 
The  presence  of  pavement-boulders  may  also  ultimately  pnm 
(3)  a  distinguishing  mark  of  those  formations  that  are  to  be 
correlated  with  the  true  till.  And  if  it  be,  as  it  certainly 
seems,  impossible  for  icebcrgn  to  glaciate,  in  fixed  directions 
and  uniformly  upon  one  cheek,  so  nmny  blocks  lying  looie 
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(1.)  Of  what  practical  value  boulder-glaciation  will  prove 
in  drift-covered  districts  generally,  especially  among  the  im- 
perfectly wrought-up  drifts  of  southern  England,  remains  to 
be  seen.  Dr  Croll  has  proposed  to  determine  the  movements 
of  the  ice  in  these  regions  from  the  direction  assumed  by 
contortions  in  tlie  drift.'  This  method  hy  means  of  pave- 
ment-boulders seems  more  workable,  and  has  at  least  the 
advantage  of  having  been  tested. 

(2.)  The  extent  to  which  the  successive  surfaces  of  the 
boulder-clay  have  registered  the  changes  in  ice-How  during 
its  formation  can  best  be  illustrated  by  a  concrete  example. 
Fig.  6  represents  two  boulder-clays  differentiated  by  (among 
other  things)  the  glaciation  of  the  boulders  they  contain  in 
directions  at  right  angles  to  one  another.  The  cross-hatch- 
ing OQ  rock-surfaces,  which  has  hitherto  been  brought  in  as 
evidence,  doubtless  register  one  or  two  of  the  earlier  changes 
of  ice-movement.  But,  except  where  it  can  be  supposed 
that  a  cover  of  boulder-clay  has  been  laid  down  and  stripped 
off  again  in  the  interval,  we  have  been  really  left  to  general 
evidence  as  to  the  variations  that  supervened  during  the 
stages  of  the  deposit.  Questions  respecting  the  intercrossing 
of  erratics  also  remain  as  yet  (lueations  of  general  evidence. 

If  the  till  were  an  evenly  deposited  formation,  it  might  be 
expected  that  all  the  changes  of  the  ice-currents  should  be 
registered  in  its  successive  layers.  But  the  till,  of  coui-se,  is 
an  irregular  formation.  Every  renewal  of  impetus  or  change 
of  direction  probably  caused  the  ice  to  attack  its  own  deposits 
at  changed  angles  or  with  renewed  force.  No  one  can  study 
the  till  minutely  without  seeing  that  erosion  and  reconstruc- 
tion were  in  progress  simultaneously. 

In  the  neighbourhood  of  Edinburgh  the  direction  of  glacia- 
tion seems  to  have  remained  pretty  constant  throughout.  The 
same  may  also  be  said,  though  to  a  less  extent,  and  with 
remarkable  exceptions,  of  the  county  of  Northumberland.  But 
in  the  west  of  the  county — in  tliat  large  tract  of  low  ground 
that  borders  the  Solway— it  appears  to  have  been  otherwise. 
It  is  probable  that  the  Solway  Firth  may  be  viewed  as  a 
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large  trough,  in  which  a  potpourri  of  bonldeT-olay  wna  itiired 
together,  ready  to  spread  oot  eastwards  and  southwards.^ 

(3.)  The  value  of  the  surface-glaciatiou  of  boulders  m  titu 
as  a  distinguishing  mark  of  the  true  till,  or  of  the  depooita  that 
are  to  be  correllated  with  it,  chietly  remains  for  the  futore  to 
show.  To  illustrate  it  fully  is  beyond  my  power ;  and  vrea 
to  illustrate  it  partially  would  lead  me  further  into  local 
details  than  is  at  present  desirable.  I  may  say  in  a  word, 
however,  that  it  has  already  gone  far  to  resolve  some  qnea- 
tions  of  correlation  that  were  long,  to  me  at  least,  extremely 
doubtful. 

(4)  It  is  interesting  to  find  that  boulder-glaciatioii  w  tU» 
by  glaciers  is  not  by  any  means  a  mere  hypothesis.  In  front 
of  the  gUcier  of  tlie  Argentiere,  says  l*rofes8or  Bonney,  "  theia 
is  an  extensive  area  now  covered  with  boalders,  which  within 
the  last  few  years  bos  been  abandoned  by  the  ice.  .  ,  , 
Many  of  the  smaUer  blocks  on  this  area,  now  almost  concealed 
by  rubbish  scattered  from  the  retreating  glacier,  are  smoothed 
and  striated  as  if  by  passiii<^  ice.  .  .  .  Here  and  thsre 
are  large,  prominent,  ]iroU)giiie  blocks,  several  of  which  dis- 
tinctly show,  by  the  striatious  on  tlieir  sides  and  surface,  that 
the  glacier  has  flowed  over  them.  Diree  lie  near  together; 
their  tops  are  polished  and  striated  ami  littered  over  with 
moraine;  they  do  not  form  part  of  u  lateral  or  terminal 
moraine,  but  are  in  an  open  plain.  Striation,  ttou  and  Im 
Kite — everything  is  just  as  it  should  be  had  the  glacier  flowed 
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II, — Fluxion-Strcctures. 

Longitudiiud  Strialion  of  Stones  in  the  Till. 

It  is  one  of  the  most  characteristic  features  of  the  boulder- 
clay  that  all  its  almond-shaped  or  spindle-shaped  boulders 
are  striated  longitudinally. 

"  If  the  force  of  water  could  have  scratched  and  furrowed 
them,"  says  a  writer  whom  I  need  have  no  hesitation  in 
quoting,  "it  would  not  have  scratched  and  furrowed  them 
longitudinally,  but  across.  Stones  when  carried  down  a 
stream,  or  propelled  upwards  on  a  beach  by  the  waves,  pre- 
sent always  their  broader  and  larger  surfaces  to  the  moving 
force.  .  ,  .  They  are  not  lautuJtfd  forward,  as  a  sailor 
would  say,  end-on,  but  tumbled  forward  broadside.  They 
come  rolling  down  a  river  in  flood,  or  upwards  on  the  shore 
in  a  time  of  tempest,  as  a  hogshead  rolls  down  a  declivity. 
In  the  boulder-clay,  on  the  contrary,  most  of  the  pebbles  that 
bear  marks  of  their  transport  at  all  were  not  rolled  but  sliddcn 
forward  in  the  line  of  their  longer  axea  They  were  launched 
as  ships  are  launched  in  the  line  of  least  resistance,  or  as  an 
arrow  or  javelin  is  sent  on  its  course  through  the  air," ' 

I  am  acquainted  with  the  writings  of  only  one  of  that 
famous  Scottish  school  of  geologists  to  whom  it  fell  first  to 
study  and  debate  the  boulder-clay,  who,  mainly  through  the 
perversity  of  his  views  on  the  subject,  hit  upon  what  I  con- 
ceive to  be  to  a  large  extent  the  rcUionale  of  this  fact. 
"  Although  the  clay,"  says  Fleming,  "  was  sufficiently  dense 
to  retain  the  boulders  floating  confusedly  in  its  substance,  it 
was  fluid  enough  to  admit  of  vwtion."  * 


Strialion  by  means  of  (he  Matrix. 

It  appears  certain  that  many  of  the  smaller  boulders  were 

slidden  along  and  glaciated  in  their  place  in  Vie  day.     The 

'  Hugh  Miller,  On  Peculirvr  Scralclicd  Paliblea,  etc.,  in  the  Bculder.ClBj 
(Brit.  Abs.  B«|)ort,  18G0,  p.  94). 

*  Lithology  of  Edinburgh,  p,  01.  Flsmiiig  held  to  the  Uat  by  the  "tnud- 
WBVo"  thuory.     He  does  Dot  appear,  liuwevar,  tu  bitTe  obBerved  the  fluxion- 
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large  boulders,  aa  we  have  sufficiently  seen,  bear  atrite  in  no 
viae  differing  from  those  of  glaciated  rock.  Pieces  of  coal  ooc 
shale  the  size  and  shape  of  a  ta]>er  finger  nail,  on  the  other 
hand,  bear  lines  as  minute  and  magnifiable  as  the  delicate 
lines  on  the  finger  nail  These  little  bouldera  have  not 
apparently  been  brought  into  rude  and  direct  contact  with 
the  rock  or  with  each  othur.  Their  stria;  are  just  such  as 
would  be  caused  if,  carried  along  in  a  wrapping  of  clay,  they 
had  been  scratched  by  the  particles  of  the  matrix,  and  dealt 
with  gently  and  with  approximate  equalisation  of  ptessore 
(see  Fig.  8). 

Structure  of  the  Matrix. — Microscopic  Soulden. 
It  need  not  be  said  that  this  is  not  restricted  to  boaMets 
the  size  of  the  finger  naiL  It  is  possible  to  pick  out  firom 
well-wrought  bonlder-clay  a  scale  of  lessening  sizes  leading 
down  to  a  point  at  which  the  glaciated  charactn  of  the 
particles  ia  lost  to  the  naked  eya  "  If  the  clay  be  washed 
and  sifted,"  says  Professor  James  Gcikie,  "  it  will  be  found  to 
be  composed  of  graius  of  all  shitpes,  sixus,  and  weights,  down 
to  the  finest  and  most  impnlpnble  flour." '  The  grains,  in 
fact,  exhibit  all  the  rarietiea  of  furm  that  are  found  among 
larger  boulders.  Many  of  them  are  angular ;  others  are  in 
various  degrees  of  roundedness ;  others,  again,  are  of  char- 
acteristic oval  and  lobate  boulder-shapes — some  with  the 
indistinct  longitudinal  etching  of  surface  that  covers  many 
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more  floury  material  The  re&idae  chiefly  consisted  of 
quartz-grains,  grains  of  shale  and  coal,  and  some  bits  of 
iron  pyi'ites.     The  specimens  figured  in  the  woodcut  are  all 
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Fig.  7. 


Microscopic  Booldera. 
of  quartz,  except  the  smallest,  which  consisted  of  a  green 
serpentinous-looking  mineral,  extremely  lithographic,  and 
beautifully  turned  and  striated.  They  have  the  lobate  form 
of-the  glaciated  boulder,  with  one  end  more  pointed  and  the 
other  squarer  or  blunter.  Even  tkei/  seem  in  some  cases  to 
have  been  launched  forward  end-on,  as  if  in  the  path  of  least 
resistance,  and  to  have  the  striae  passing  straight  along  the 
back,  and  bulging  slightly  out  around  the  sides.  And  in 
some  instances  I  thought  I  detected  firmer  stria:  upon  the 
point  of  the  little  boulder  than  upon  its  broader  end. 

Granule-Olaciation^ffow  Accomplished. 
All  this  seems  to  point  to  glaciation  within  iLe  matrix, 
"  The  blacksmith,  let  him  use  what  strength  of  arm  he  may, 
cannot  bring  his  file  to  bear  on  a  minute  pin  or  nail  until  iie 
has  first  locked  it  fust  in  his  vice."  And  why  else  were  the 
almond-sized  bouldera  glaciated  not  in  contact  with  each  other 
or  with  the  rock  but  by  the  granules  of  the  matrix  ? 

FlujnoTir Structure  in  Bovider-Clay. 
At  the  comers  of  streams  in  boulder-clay  districts  it  is 
usual  to  find  slipping  scars  of  boulder-clay  that  in  wet 
weather  are  turned  into  streams  of  alow-running  paste. 
When  these  are  examined — say  iu  summer,  when  hard  baked 
— it  is  found  that  a  rude  structure  has  been  developed  by  the 
movement.  The  streaming  of  the  particles  has  steered  the 
stones  round  until  pressure  is  equal  on  both  sides.  Their 
VOL.  SUI.  M 
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axea  have  thus  been  dragged  into  the  line  of  flow.  In  tba 
case  of  Bome  of  the  stones  otxr  which  the  pasty  cuiient  had 
passed,  I  even  detected  faiot,  fresh  scratches  runniDg  among 
the  older  glacial  ones,  and  parallel  to  the  axis  of  the  stone. 
Now,  this  is  a  structure  very  extensively  to  he  found  in  the 
boulder-clay  in  aitu. 
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Fig,  8  represents  a  square  inch  of  the  horizontal  plane  of 
boulder-clay  on  the  foreshore  at  Fillyside.  The  clay  and  t^ 
stones  appear  to  have  been  in  motion.  The  axes  of  the  atones 
have  been  turned  by  a  common  force  in  a  general  direction — 
that  of  the  glaciation  on  the  boulder-puvcmeuts  adjoining — 
and  from  boulders  a  quarter  of  an  inch  in  length  one  can 
trace  a  scale  of  descending  sizes  down  to  minute  boulders  the 
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Around  many  of  the  larger  boulders  the  cuiTent  is  seen  to 
have  divided  (Fig.  it).  The  longer  axes  of  the  little  boulders 
begin  to  diverge  at  the  point  of  the  big  one,  (with  perhaps 


a  boulder  or  two  stranded  t^aiuat  its  point,)  and  course 
alongside  it,  keeping  a  general  parallelism  with  the  sides 
as  they  go.  A  few  inches  on  either  hand  the  general 
course  of  the  current  remained  undisturbed.  In  all  cases 
which  I  have  examined,  the  gritty  matrix  must  have  moved 
past  the  atone  as  the  tide  moves  past  a  skiff  at  anchor. 
Fig.  10  is  a  sketch  rudely  representing  a  very  delicate  and 
beautiful  fluxion-pattern  around  a  boulder  in  till,  on  the 
South  Tyne  near  Haltwhistle,  more  distinct  in  its  fine  hair- 
lining  than  I  would  have  expected  to  find  in  a  giitty  boulder- 
clay.  The  boulder,  which  was  somewhat  pear-shaped,  5 
inches  deep,  and  of  limestone,  was  striated  from  top  to 
bottom  on  the  whole  side  tliat  met  the  ice.  The  blunt  end 
was  smooth,  but  I  observed  no  stria; ;  and  it  resembled  the 
rounded  joint  of  a  bone,  compared  with  its  lined  and  glancing 
shaft.  Several  converging  lines  showed  that  the  current  ha^i 
closed  in  after  passing. 
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Kow.all  thie  is  nnmiatakable  fluxion-atrnctura.  "In  what 
is  termed  fluxion-structure,"  says  %rr  Arch.  Geikie,  "  dystala 
or  ciystallites  are  arranged  in  current-like  Uses,  with  their 
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long  axes  in  the  direction  of  these  lines.  Where  a  large 
older  crystal  occurs,  a  train  of  minuter  individuals  is  found 
to  sweep  round  it,  and  to  reunite  on  the  further  side.  .  .  . 
So  thoroughly  ia  this  motion  characteristic  of  a  somewhat 
viscid  fluid,  that  there  cannot  be  any  doubt  that  anch  was  the 
condition  of  these  masses  before  their  consolidatioQ."  * 

There  can  be  as  little  doubt  that  the  structures  I  have 
described  indicate  the  dra^ng  along  of  a  surface  layer  of 
the  boulder-clay,  accompanied  with  a  shearing  movement 
of  particle  upon  particle,  producing  intimate  glaciation 
within  the  mass. 
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downwards.  The  main  body  of  the  larger  boulder  repre- 
sented has  evidently  come  into  a  state  of  rest,  along  with  the 
lower  part  of  the  deposit.     The  strife  on  its  upper  part  indi- 


cate that  moving  stones  and  clay  had  continued  to  pass  over 
it  for  some  time  afterwards,  while  the  till  was  slowly  gather- 
ing around.  The  fractured  and  detached  cap  of  the  boulder 
was  carried  on  (in  the  direction  of  ice-movement),  owing  to 
this  continued  movement  of  the  later  deposit ;  and  alter  il 
had,  in  turn,  ceased  to  move,  the  gravelly  till  had  continued 
to  pass  on,  the  stones  sliding  up  its  front  slope  with  axes 
adjusted  parallel  to  it,  and  then  turning  over  as  if  plunging 
down  with  the  sluggish  current  on  the  further  side.  The  little 
sand-bed  above  is  one  of  the  ordinary  insertions  of  aqueous 
deposit  in  the  till,  and  may  indicate  a  little  contemporaneous 
erosion  by  means  of  water,  or  the  formation  by  some  means 
of  a  small  unoccupied  basin  or  pouch  on  the  surface  of  the 
clay. 

To  satisfy  inquiry  aa  to  the  thickness  of  tlie  fluxion  layer 
is  a  matter  of  some  difficulty.  But  an  answer  may  perhaps 
be  suggested  by  the  relation  of  the  till  to  its  larger  boidders 
that  were  glaciated  ire  siiu.  The  large  Edinburgh  boulder, 
with  its  fine  glaciation  atop,  represented  in  Fig.  3,  was  2J 
feet  high,  and  had  been  glaciated  only  to  a  depth  of  about  15 
inches.  It  appears,  therefore,  that  while  its  upper  surface 
was  in  direct  contact  with  the  glaciating  agent,  its  lower 
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part,  18  iiicbos  imbedded,  was  surrounded  by  motionlew  till 
Aud  if  tliia  reasoning  boMs  goud  in  genenil,  the  thickness  of 
tlie  Uuxion-Inyer  caDuot  have  exceeded  a  few  inches.  This 
line  of  inference,  however,  is  a  very  insecure  one,  depending 
primarily  upon  au  una3certainti<l  fact,  viz.,  the  direct  proximity 
of  the  glaciating  agent  to  the  upper  surface  of  the  boulder.  I 
have  frequently  seen  little  bits  of  shale,  not  more  than  iV^h 
of  an  incli  deep,  of  whieli  the  upper  surface  was  well  rubbed, 
while  the  lower  surface  was  almost  untouched.  TTu  »oU  of  tke 
boulders,  as  liobert  Chambers  used  to  term  their  flatter  side, 
seems  generally,  in  fact,  to  have  travelled  uppermost  And 
it  may  be  remarked  that  the  fact  noticed  by  Ur  James 
Geikie,  that  there  is  "  some  curious  connection  "  between  the 
size  of  the  stone  and  the  coarseness  of  its  strife,  seems  to 
imply  that  every  boulder  was  liable  to  be  striated  byjost 
such  materials  a?  were  more  mobile  than  itself.  But,  quitting 
these  obscurities,  it  seems  at  least  quite  certain  that  in  sections 
such  as  that  of  Fig.  6,  where  dilTerent  boulder-claya  overiap, 
the  movement  extended  no  considerable  distance  downwird. 
I  am  aware  tliat  it  is  usual  to  suppose  the  pressure  uid 
motion  of  the  ice  to  have  been  ti-ansmitted  through  titat 
masses  of  drift  and  down  to  the  surface  of  the  rock  below,  bo 
that  the  till,  like  a  rolling  snowball,  licked  up  its  additaons 
from  beneath.  Mr  Tiddiman,  for  instance,  takes  thiavisw  of 
the  drift  of  the  Lancashire  uplands,  and  represents  the  local 
drift  as  actually  fomiin<r  beneath  an  olilcr  and  further-derived 


Mr  Hm/h  Miller  on  Boidder-Glaciatum. 


183 


witli  but  doubtful  success.  They  were  made  at  aections, 
which,  though  the  beat  I  then  had  access  to,  lay  too  much 
under  the  shelter  of  higher  ground.  In  uplyiug  Bituations 
also,  where  the  drift  is  apt  to  be  a  hash  of  angular  fragments 
in  a  coarse  and  scanty  matrix,  fluxion-structure  is  generally 
difficult  to  detect ;  and  the  same  may  be  said  of  that  top- 
dressing  of  raw  materials  which  forms  the  capping  of  many 
good  sections.    Nor  can  it  be  invariably  expected  even  in  the 


most  favourable  situations.  Fig.  12  represents  a  contorted 
fluxion-structure  of  differently  coloured  clays  kneaded  to- 
gether, which  better  than  any  words  will  explain  the  reason. 
It  is  obvious  that  a  structure  of  this  kind  could  only  be  dis- 
played where  the  section  is  unusually  clean  and  the  texture 
unusually  fine,  and  where  there  has  been  a  warp  and  woof 
of  distinct  boulder-clays  to  work  together.  In  general,  this 
rolling  and  kneading  would  produce  nothing  but  confusion. 
Kg  student  of  the  till  needs  to  be  reminded  of  the  frequency 
of  obscure  symptoms  of  contortion  within  its  mass. 


OrimtcUion  "by  means  of  Fhimon-StTwsture. 
I  have  only  recently  made  any  strict  test  of  the  extent 
to  which  the    direction  of   ice-movement  can    be   deter- 
mined    from    the    symptoms    of    fluxion-structure    alone. 
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Choosin<^  a  tract  on  the  watershed  of  England,  lying  sonth- 
ward  from  Kpadeodam  Waste,  in  tlie  paiish  of  Laneroost, 
Cumberland,  a  monotonoua  rolling;  slope  covered  with  long, 
lov  drums,  from  the  trend  uf  which  it  might  be  inferred  tluit 
the  drift  had  been  well  drawn  out  in  the  direction  of  ice-flow, 
I  ascended  the  streams,  and  at  favourable  points  (I  piefetred 
points  at  which  I  had  as  nearly  as  possible  lost  my  bearings 
among  their  winding!*)  set  myself  to  orientate  from  its  atrac- 
ture.  The  following  list  of  the  trials  made  will  indicate  the 
extent  of  my  succesa.  The  tol-W  Btriutions  of  the  aeighbonr- 
liood  vary  between  K  10  N.  and  K.  2(\  S.' 


TMiL  No.    Dmcnflx  lanicino. 
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deuce.  Many  stones  have  veered  to  this  side  or  to  that,  or 
tilted  into  the  various  positions  that  give  the  appearance  of 
structurelessneas  to  the  whole ;  but  these  variations  often 
cancel  one  another  in  favour  of  the  mid-line  along  which  the 
best  index-boulders  lay  their  axes. 

To  account,  however,  for  all  the  variations  apparent  in  any 
one  section,  it  would  be  necessary  first  to  see  all  round  it. 
In  the  shore -sections  near  Portobello,  there  aeeraed  in  places 
to  be  interferences  with  the  normal  direction  of  fluxion-struc- 
ture which  there  was  nothing  apparent  to  account  for.  Behind 
some  large  boulders  also  I  seemed  to  detect  considerable 
confusion.  lu  the  tails  of  drift,  whether  behind  boulders  or 
bosses,  confusion  might  be  expected.  And  in  such  stiff  and 
slow-moving  materials  it  is  difficult  to  say  how  long  it  need 
take  the  stones  to  regain  their  normal  dnft} 


III. — CONCLUSIOS. 
It  would  probably  be  vain  to  take  any  one  structure  in  the 
till  and  expect  it  to  be  universally  characteristic.  Fluxion- 
structure,  as  we  have  seen,  ia  not  universally  characteristic, 
for  there  are  materials  too  coarse  or  too  raw  to  assume  it. 
Neitlier  can  the  surface-glaciation  of  boulders  in  their  place 
in  the  clay  be  declared  to  be  universally  eharacteriatio.  There 
are  boulder-clays  whose  boulders  were  too  small  to  withstand 


>  I  hare  seim  no  evideDce  of  an;  rogulKted  tddy.  In  some  casra  I  have 
aoticcd  Cliat  tbe  force  brongbt  to  bear  npon  the  rront  of  a  boulJei  hnd  evi- 
dentlj  compreaBed  the  till  behind  it,  imputing  a  kind  of  concentricity  to  the 
axes  af  tliu  little  boulders. 

There  is  a  j>eculiarity  of  atmcture  in  the  Pillyaide  till  to  which  I  may  refer. 
It  was  obetrred  b;  Hr  Peach  in  the  hand  apecimens  I  showed  him,  thut  the 
amall  bonlderB  were  mostly  laid  up  on  edge,  as  if  nuining  on  their  kecla. 
Nov,  it  might  be  eipectod  that  whero  there  was  much  lateral  prceaure  the 
clity  might  assume  some  of  the  characteristics  of  the  cluaTage  of  slaty  rocka  or 
of  laterally  compressed  ice.  And  one  of  Ihe  symptoms  of  the  lateral  pressure 
might  be  that  the  little  flat  boulden  would  erect  thomBelres  on  edge,  Tlie 
difficulty  ia  that,  so  far  as  can  be  seen,  there  is  uo  compressing  cause  on  the 
gentle  aide-slope  of  an  open  vallej.  There  is  nothing  to  produce  ereii  deatage- 
structore  in  ice.  This  odgo-posilion  of  the  bouldere  ia  not  the  usual  one.  I 
fail  to  &nd  it  in  tbIIoj's,  where  it  might  be  mocb  more  expei:l«d,  if  thia 
explanation  were  the  correct  one. 
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But  it  may  at  least  be  said  that  these  tvo  varieties  of 
structure  are  iu  a  singular  d^ree  coiuplementaiy  of  one 
another.  liotb  of  them,  each  in  its  own  way,  tella  the  atoiy 
of  the  buildiug-up  of  tlie  boulder-clay  slowly  and  under 
pressure. 

It  seems  certain  that  the  pressure  must  have  been  th&t  of 
a  vast  and  wide-spreading  mass — a  nmsa  closely  investilig 
and  slow-moving  and  heavily  dragging.  I  had  meant  to 
enter  in  some  detail  into  tlie  theories  of  glaciation  aa  bear- 
ing 00  these  structures;  but  it  scenia  almost  unDecessaiy. 
I  have  tried  to  conceive  of  thousands  of  boulders  dotted 
througli  the  ooze  of  a  silty  sea-bottom  over  hundreds  of  square 
miles,  each  awaiting  the  chance  scrape  of  a  passing  berg,  and 
eight  out  of  every  ten  (in  many  open  situations),  thouf^  objects 
so  small  and  so  loose,  fated  to  receive  a  heavy  and  persistent 
striation  on  one  cheek ;  but  in  the  case  of  boulders  6  and  9 
inches  long  it  seems  physically  impossible.  I  have  also  tried 
to  imagine  long  hollows  trailed  out  by  diagging  icebergs  into 
which  the  semi-fluid  clay  of  the  Bca-bottom  should  run,  some- 
what as  the  wind  runs  along  with  a  train,  but  it  gives  to  the 
prevalence  of  fluxion-structure  an  exceedingly  lame  and 
partial  explanation.  Nor  is  loose  coast  ice,  which  glaciates 
horizontally  in  zones,  nor  the  frame  of  the  ice-foot,  which 
must  glaciate  radially  from  the  centre  of  everj-  island  and 
promontory,  at  all  a  more  adequate  explanation. 

But  to  the  theory,  if  it  must  still  be  t<;niied  a  mere  theory. 
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and  develop  fluxiim-structure,  was  quite  to  be  expected.  It 
need  scarcely  be  remarked  that  the  other  structure  to  which 
I  have  devoted  this  paper  is,  generally  speaking,  a  result  of 
the  same  process.  The  fluxion-structure  is  the  result  ol' 
movement ;  the  pavement- boulders  are  those  elements  in  the 
materials  that,  making  of  themselves  inclined  slides,  could 
best  resist  the  movement,  and  were  striated  atop  in  resisting. 
It  does  not  follow,  however,  that  wherever  we  find  an 
orientation  of  boulders  in  the  till  there  was  fluidal  motion 
in  the  layer  in  which  they  lie.  If  the  ice  had  a  fluxion- 
structure  of  its  own,  such  boulders  as  were  incorporated  within 
its  mass  would  arrange  their  axes  confonnably;  and  when 
they  lagged  and  came  to  rest  and  were  imbedded,  they  might 
retain  in  many  coses  the  arrangement  that  marked  them  when 
in  motion.  There  seems  to  be  some  proof  that  this  was  often 
the  cose.  In  many  boulder-clays  there  occurs  a  certain 
structure  of  irregular  horizontal  planes  having  some  tendency 
— sometimes  a  very  marked  one — to  coincide  with  the  sur- 
faces of  pavement-boulders,  and  dodging  unevenly  among  the 
others.  Some  of  these  wavy  planes  may  be  due  to  pressure 
— an  incipient  sort  of  cleavage  developed  under  the  weight  of 
tbe  ice.  Sometimes,  however,  the  planes  may  be  seen  to  open 
out  a  little  and  to  include  siftings  of  clay  or  washes  of  sand 
and  stones  of  a  different  texture  to  tbe  till ;  and  1  believe 
that  they  probably  are  more  often  due  to  packing  than  to 
pressure.  They  somewhat  resemble  these  uneven  planes  that 
in  a  packing-case  mark  tbe  order  in  wliich  the  bunches  of 
straw  were  bundled  in  and  packed  down  and  smoothed  over, 
and  the  glaciated  boulders  and  the  slight  surface  washes  mark 
the  intervals.  Mr  Mackintosh,  indeed,  refers  them  to  aqueous 
lamination  entirely ;  but  this  view  does  not  stand  the  search- 
ing examination  to  wliich  it  has  been  subjected  hy  Professor 
James  Geikie.*  Professor  Geikie  himself  regards  them  as 
pressure -planes,  I  am  convinced,  however,  that  in  many 
cases  they  indicate  a  rude  stratification  of  that  clumsy  kind 
that  marks  periodical  accumulations  in  whicli  the  sifting 
agency  of  water  has  not  been  concerned,  such  as  the  refuse 

'  The  Intercrossing  of  Erratics  in  GlaciaJ  DBposits  {Scoltiah  Natunlist, 
vol,  vi.,  pp.  1B3,  241). 
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of  blast  furnaces  and  of  shot  rnbbisli  heaps  in  general, — ^th«t 
they  are,  in  short,  irregular  planes  marking  successive  Kcore- 
tions  of  till.  If  this  be  bo,  it  follows  that,  where  numbers  of 
these  planes  intersect  the  planes  of  forward  movement  in  the 
boulders,  the  fluxion-structure  is  the  TWfwJo-fluxion-stnictnre 
I  have  referred  to.' 

Of  the  boulder-pavements  on  the  Portobello  shore,  I  have 
no  very  novel  explanation  to  ofTer.  It  seeina  likely  tho^  as 
my  father  suggested,  tliey  must  mark  some  kind  of  contem- 
poraneous erosion.  The  variety  of  their  materials  seems  to 
prove  that  they  were  first  incorporated  with  the  till  in  Uie 
ordinary  course  of  its  formation,  and  assumed  their  pecnliar 
grouping  subsequently.  Dut  whether  the  erosion  was  glacial 
or  aqueous  it  is  difficult  to  say.  I  have  seen  straight  ravines 
on  boulder-clay  slopes  lined  with  washed-out  blocks  that,  if 
passed  over  by  a  gigantic  roller,  would  flatten  out  into  txains 
not  unlike  these  pavements  ;  and,  of  course,  in  the  case  of  a 
glacier,  the  roller  would  be  one  that  might  both  flatten  and 
erode.  Nor  need  it  be  wondered  at  that  the  trains  should 
flatten  out  in  places  with  paveraent-like  regularity.  The 
stones  in  any  ordinary  stream,  if  they  have  but  flattened 

>  There  ii  Mtne  reawn  to  think  that  the  structure  in  Fig.  10  !■  of  this 
kind.  Tlie  ihepen  of  the  itonee  in  the  till,  morcuvcr,  eeem  to  plova  that 
■ome  of  tliem  moved  freely  and  indejioudently.  Boulden  having  a  cwad 
tola  appear  to  have  rocked  u   they  went ;    boulrleri   with  a  twiat  or  alni 
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Bides,  are  arranged  in  a  sort  of  imbricated  pavement  already. 
But  there  are  one  or  two  details  of  their  structure  that  do 
not  quite  8o  well  consort  with  this  explanation. 

There  ia  another  kind  of  linear  arrangement  with  which  I 
may  suggest  that  the  pavement^boulders  have  occasionally 
something  to  do.  I  refer  to  certain  of  the  drums  or  drumlina. 
It  has  often  puzzled  me  how,  in  an  open  country,  where  there 
are  no  bosses  of  rock,  these  long  drift  ridges  can  have  come 
into  existence.  It  is  easy  to  conceive,  however,  of  the  lodg- 
ment of  groups  of  boulders,  having  the  familiar  arrangement 
suited  to  resist  further  transport,  whicli  should  afford  shelter 
to  tails  of  drift,  as  the  chance  grains  under  a  house-painter's 
brush  give  shelter  to  little  tails  of  paint;  and  that  with  this 
beginning  a  sort  of  composite  rochea  laoutonn^es  should  be 
gradually  built  up,  each  more  or  less  faced  with  paveinent- 
boulders.     The  suggestion  may  at  least  be  made. 
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We  propose  to  give  in  the  following  pages  a  short  account 
of  the  metal  mines  in  the  district  of  Breadalbane,  in  Perth- 

'  Commanicated  by  permiesion  of  the  Direclor-Ocneral  of  the  Goological 
8u  rvey. 
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shire.  They  are  all  situated  in  the  wild  and  beaQtifal  put 
of  the  Highlands  drained  by  the  Tay  and  its  tributaries,  and 
in  describing  them  we  shall  bejnn  with  the  highest — Tyn- 
dnim — au<l  take  the  others  in  order  as  we  descend  the  valley. 
A  list  of  the  various  metallic  and  non-metallic  minerals  from 
each  locality  will  be  given  along  with  some  account  of  the 
history  of  the  mines,  while  special  reference  will  be  made  to 
the  geological  structure  of  the  ground.  A  general  compariwHi 
will  also  be  drawn  between  the  features  of  these  and  othw 
ore  deposits,  and  notes  will  be  made  on  the  facta  bearing  en 
their  formation. 

Short  notices  of  the  mines  at  Tyndram  are  given  in  the 
Old  aud  New  Statistical  Accounts  of  Scotland,  bnt  the  first 
paper  of  any  value  was  written  by  F.  Odemheimer,  and  is 
published  in  Vol.  VII.  of  the  Hi^^'hlaiul  Society's  Traiuaelvm* 
(1841)  under  the  title  "  The  Mines  and  Minerals  of  the 
Brca<lalbane  Ilij^hlands."  The  author  gives  a  description  of 
the  mines  at  Tyndrum,  Tomuadashan,  and  Corrie  Bui,  witli 
their  ores  and  accessory  minerals,  and  indicates  the  position 
of  several  small  untried  veins  :iru\md  Tayiiiouth. 

Gustavus  Thait,  who  was  the  last  manager,  gives  a  more 
extensive  account  of  tlie  mines  and  minerals  of  Breadalbane 
in  a  paper  communicated  in  18G0  to  the  Geological  Society 
of  London.*  His  description  of  the  geological  structun  of 
the  various  localities  is,  however,  rather  vague,  and  we  hope 
now  to  throw  a  little  new  light  on  the  subject,  as  we  have 
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is  traversed  by  a  lino  of  fault,  with  a  N.E.  and  S.W.  trend, 
which  roughly  divides  it  into  two  portions.  The  part 
on  the  west  side  of  the  fault  consists  of  hard,  massive, 
slightly  ferruginous  quartKites,  with  lenticular  beds  of 
mica  schist;  while  the  less  hilly  country  on  the  east  side 
is  almost  entirely  composed  of  the  hydromica  schist  so 
abundant  in  this  part  of  the  Highland  area  The  section  in 
Fig.  1  is  drawn  along  the  course  of  the  Allt  nan  Sae,  a  stream 
which  croaaea  the  atrike  of  the  beds  aa  it  ilowa  south-east- 
wards down  the  alope  of  the  Meall  Odhar  towards  the 
Coninish  river.  The  Meall  Odhai-  (2046  feet  high)  forms  the 
central  part  of  a  ridge  which  trends  eastwards  towards 
Clifton,  ending  in  the  Sron  nau  Colan,  in  which  the  mines 
are  situated.  Immediately  to  the  west  of  the  Meall  Odhar 
there  is  a  col,  on  the  other  side  of  which  the  ground  rises  in 
Beinn  Chuirn  to  a  rugged  mountain  peak,  which  looks  down 
on  the  Coninish  valley  from  an  altitude  of  2878  feet. 

The  schists  (Fig.  1)  which  form  the  eastern  part  of  tha 
ridge  are  well  exposed  along  the  bed  of  the  Allt  nan  Sae  for 
a  distance  of  half  a  mile  upwards  from  its  mouth.  A  steadily 
descending  section  of  greenish  and  silvery  grey  hydromica 
schist  is  there  passed  over.  The  dip,  as  the  arrows  on  the 
map  indicate,  is  to  S.  and  S.S.E.,  and  increases  from  20°  or  25° 
at  the  foot  of  the  hill  to  50°  at  the  point  where  the  fault 
crosses  the  stream.  A  felsite  dyke  traverses  the  schists  a 
short  distance  below  the  fault,  and  still  farther  down  in  the 
stream  section  we  have  observed  a  bed  of  hornbleade  schist 
containing  magnetic  pyrites.  The  schists  are  veined  with 
white  quartz,  which  increases  in  quantity  towards  the  fault. 

Forming  a  series  of  picturesque  cascades,  over  which  the 
bum  rashes,  the  quartzites  make  their  appearance  at  the  foot 
of  the  falls,  where  they  abut  abruptly  against  the  softer  mica 
schists.  At  tliis  point  the  direction  of  hade  is  not  very  clearly 
indicated,  but  on  tracing  the  fault  nortliwards  across  the  hill 
to  the  ravine  adjoining  the  mines,  the  downthrow  is  clearly 
seen  to  be  to  the  south-cast,  The  quartzites  thus  belong  to 
a  horizon  lower  than  that  of  the  schists,  and  are  probably  of 
the  same  age  as  the  Glen  Lyon  and  Sciiiehallion  grits.  In  the 
neighbourhood  of  the  fault  the  quattzit€S  have  been  shattered, 
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aikI  tliG  brecciatcd  mass  thus  funned  has  been  subsequently 
nKiemciited  with  crystalline  quartz  containing  grains  and 
crystals  nf  copper  pyrites,  zincblencle,  and  galena, 

From  tlie  fault  to  the  top  of  the  bum — a  distance  of  nearly 
a  mile— the  section  is,  as  before,  a  continuously  descending 
one.  Thu  series  which  dips  S.K  at  an  average  inclina- 
tion of  30°  is  composed  of  white  and  slightly  ferruginous 
quartzites,  with  a  few  lenticular  bands  of  mica  Bchist  One 
small  vein  of  Inrytcs  crosses  the  bum  obliquely  near  the  top^ 
and  is  in  turn  intersected  by  two  veins  of  blind  quartz 
exposed  in  the  bed  of  thu  stream.  A  few  yards  below  the 
oil)  dnni,  through  which  the  stream  flows,  a  basalt  (dolerite) 
dyke  api>cars  on  the  bunk,  and  seems  to  be  a  continuation 
of  that  un  the  southern  side  of  the  hill  above  the  minea 

The  "Quartz  reef"  or  "Mother  vein"  of  the  old  miuen 
here  crosses  the  streiim  and  forms  jiart  of  tlie  dam  waU. 
It  runs  N.X.E.  and  S.S.W.,  nad  appears  to  be  verticaL 
Protruding  through  the  brown  pent  and  heather  of  Meall 
Odhar,  the  band  of  white  quartz  forms  a  well-marked  feature 
along  the  southeni  shoulder  of  the  hill.  The  outcrop  ia  con- 
tinuous for  a  distance  of  a  mile  and  u  quarter  between  the 
did  dam  and  the  northern  branch  of  the  AUt  £as  Anie.  The 
average  thickness  of  the  reef  is  20  feet,  and  throughout  its 
entire  length  is  coniponed  of  un  metalliferous  white  quartz. 

Thcchief  workings  of  the  Tyndruni  mine  are  in  thenortliem 
uide  of  the  Sron  nan  Colan.    liiire  of  vegetation  nnd  drift,  the 
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occasional  partings  of  mica  schist,  thus  resembling  in  every 
reapect  tliose  of  tlie  AUt  nan  Sae. 

The  mica  schists  are  exposed  in  a  continuously  descending 
section  to  the  north  of  Clifton.  The  position  of  the  fault  at 
this  locality  has  been  fixed  by  means  of  a  "  costeau  "  made 
by  the  Scots  Mining  Company  at  the  east  side  of  the  Inver- 
oran  Road,  and  about  J  of  a  mile  from  the  village. 

2.  Oeometrical  Relations  of  (a)  the  Tyndriun  and  (b) 
the  Ooninish  Veins. — a.  The  metalliferous  deposits  at  Tyn- 
drum  are  all  in  veins,  one  of  which  is  situated  at  Coninish 
in  the  S.  W.  corner  of  the  accompanying  map,  and  the  remain- 
ing two  in  the  more  immediate  neighbourhood  of  Tyndmm. 
Other  small  veins  are  shown  on  the  map,  but  we  do  not  pro- 
pose to  describe  them  here,  as  we  believe  them  to  be  of  no 
great  commercial,  or  scientific  interest 

The  Tyndrum  veins  run,  as  we  have  already  seen,  through 
the  Sron  nan  Golan,  and  the  ore  has  been  worked  by  means  of 
a  series  of  levels  driven  into  the  northern  side  of  the  hill  (Fig. 
3).  The  Tyndrum  "  hard  vein  "  is  in  the  quartzites  alongside 
of  the  fault,  and  trends  N.  35°  E.,  while  the  *'  soft "  or  "  clay 
vein"  is  generally  in  the  fault  fissure  itself,  which  runs  N. 
40°  R  This  difference  in  direction  makes  the  two  veins 
converge  to  a  point  at  the  top  of  the  hill  above  the  mines. 
The  resulting  conjoint  vein  following  the  line  of  fault  is 
known  as  the  "  Tyndrum  Main  Vein,"  and  runs  south-west- 
wards over  the  southern  slopes  of  the  Sron  nan  Colan,  across 
the  Allt  nan  Sae,  to  the  junction  of  the  Allt  eas  Anie  and 
the  Coninish  Water  at  Coninish,  whence  it  passes  out  of  the 
confines  of  the  map. 

Working  plans  of  the  mine  show  both  veins  to  hade  to 
east  frig.  2),  the  hard  vein  at  an  angle  of  65°  to  70°,  and 
the  clay  vein  at  80°.  This  difference  in  hade  must  bring 
both  veins  together  at  a  certain  depth  below  the  surface,  and 
the  junction  has  actually  been  reached  at  the  end  of  the 
"  New  Level "  shown  in  Fig.  3.  From  this  point  the  line  of 
junction  rises  diagonally  upwards,  and,  as  we  have  already 
seen,  reaches  the  surface  on  the  southern  side  of  the  ci'ost  of 
the  ridge.  All  the  richest  workings  were  in  the  hard  vein 
above  this  line,  and,  contrary  to  general  experience,  the  con- 
VOL.  TUL  N 
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joint  vein  was  found  to  coataiu  very  little  ore  of  any  Tsloe. 
This  fact  is  of  importoQce  in  its  bearing  on  the  futura  of  the 
mineral  vorkiogs  at  Tyndrum.  The  southem  slope  of  the 
mine  hill  lies  below  the  line  of  junction,  and  carries  the  crop 
of  the  united  veins,  so  that  in  this  direction  a  decrease  in  the 
quality  of  the  ore  con  only  be  expected.  So  &r  as  our 
observations  go,  this  is  the  case,  for  an  examination  of  the 
vein  where  it  crosses  the  Allt  nan  Sae  soon  showed  it  to  be 
very  poor  in  metalliferous  minerals,  aud  indeed  to  be  hardly  ' 
deserving  of  the  designation  "  metalliferous "  vein  at  alL 
Some  good  ore  has,  however,  been  found  in  a  costean  at  the 
place  where  the  vein  crosses  the  Cuniuish  Water  abont 
three-quarters  of  a  mile  S.W.  of  the  Allt  nan  Sae  section. 

The  bard  vein  is  intersected  and  diiilocated  by  two  cioas 
courses  which  terminate  in  the  west  wall  of  the  clay  vein, 
whUe  the  united  vein  in  the  lower  workings  is  dislocated  by 
a  third  cross  course.  These  minor  cross  faults  have  prodooed 
no  important  deviation  in  the  trend  of  the  hard  vein  which 
runs  continuously  northwanls  from  the  mine,  maintaining  its 
general  bearing  of  N.  .35°  to  40''  R,  aiu)  has  been  traced  to 
the  top  of  Beinu  a  Cbaistcil,  -i  miles  from  Tyndrum. 

b.  Mining  at  Coninisli  has  been  carried  on  by  two  Beta  of 
openings  at  difTerent  parts  of  the  vein.  The  most  easteriy 
of  tlie  workings  are  in  the  deep  uorrie  in  tlie  side  of  Beinn 
Chuim  above  Coninish.  The  vein,  which  is  here  several 
feet  thick,  runs  up  the  rugged  precipitous  side  of  the  coirie^ 
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S.W.  of  Eaa  Anie.  Between  these  two  places  the  vein  is  in 
a  true  fissure  with  a  S,  45°  W.  course.  The  Coninish  vein 
may  possibly  be  a  aouth-weatern  prolongation  of  the  quartz 
reef  which,  towards  the  nortli,  ia  quite  barren, 

3.  Diatribution  of  Ores.— The  working  plans  and  reports 
relating  to  the  Tyndrum  mines  kept  in  the  Breadalbane 
Estate  Office  show  the  ore  in  the  hard  vein  to  be  distributed 
in  four  broad  parallel  bands,  which  run  diagonally  over  the 
plane  of  the  fissure  at  an  inclination  of  30°  to  40".  The 
bands  are  shown  on  Fig.  3,  which  is  reduced  from  the  mining 
plans ;  between  the  shaded  portions  of  the  sections  the  ore 
does  not  altogether  disappear,  but  becomes  poor  and  unwork- 
able. 

4.  Composition  of  Veins  (1.)  Ores.— The  three  veins 
resemble  one  another  in  having  the  same  mineralogical  com- 
position. Argentiferous  galena  is  the  cluef  ore,  while  zinc- 
blende  occurs  in  smaller  quantity  at  each  locality,  The 
blende  was  never  used,  but  was  thrown  aside  with  the 
"  deads,"  and  the  quantity  to  be  seen  in  the  rubbish  heaps  at 
the  mouths  of  the  various  levels  shows  it  to  have  constituted  a 
considerable  proportion  of  the  available  ore.  The  galena  is 
of  the  ordinary  type,  with  bright  metallic  lusti'C  and  perfect 
cubical  cleavage,  bnt  in  the  clay  vein  it  passes  into  the  com- 
pact or  cryptocrystalline  variety,  known  locally  as  "steel 
ore."  When  the  clay  vein  leaves  the  fault  and  runs  into  thu 
schists  it  becomes  split  up  into  small  strings,  and  the  ore 
deteriorates  in  quality,  becoming  disseminated  through  the 
surrounding  rock. 

A  recent  assay  by  Beringer  of  Cornwall  of  a  sample  of  ore 
i'rom  the  western  slope  of  Tyndrum  Hill  gave 

L*ad,  287%. 

Silver,  1  01.  6  dwt,  per  lou. 

The  galena  from  the  Coiiiuisb  mine  has  a  much  higher 
percentage  of  aQver,  and  is  generally  a  richer  ore.  The 
average  of  two  assays  by  Napier  of  Gla^ow  in  1863  from 
the  Beinu  Lui  and  Beinn  Chuim  levels  gave 

L«ad,  68%, 

Silror,  8  oa.  8  dwt.  por  ton. 
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This  average  for  the  silver  ia  probably  ntber  hi^  since 
Beringer'B  assay  of  a  sample  from  tlie  Beinn  Chuim  level 
gave 

Le«d,  88 -5%. 

SilTGr,  3  oz.  12  dwt.  per  ton. 

Separate  assays  by  both  Beringer  and  Ifapier,  of  ore  from 

the  main  vein  where  it  crosses  the  Coninish  river,  show  it 

to  be  slightly  richer  there  than  at  Tyndram.    The  reenlts  are 

as  follows : 

„    .       ,  J  Lewi.  E87%. 

Banngw  •  j  gj,^^|,_  ^  ^  ^  ^,^  ^^  ^ 

i  Lc«a.  68-26%. 

A  few  other  metallic  minerals  are  known  to  occur  at  !^n- 
drum.  Copper  pyrites  occurs  only  in  very  small  quantities, 
as  detached  grains  and  crj'stals  disseminated  through  the 
veins.  Iron  pyrites  is  found  accompanying  the  ores,  but  not 
very  abundantly,  and  titanic  iron  is  stated  by  Thoet  to  hsve 
been  seen  in  the  mines.  Half-way  along  M'Callum'a  Level, 
black  and  red  ai^ntiferous  coltalt  ore  (bloom  ?)  was  fbnnd 
in  the  hard  vein,  wliich  at  the  place  contained  4  inches  of 
good  ore.'  The  cobalt  ore  was  in  the  centre,  with  sharply 
defined  bands  of  galena  on  each  side.  This  rare  mineral 
only  existed  as  a  thin  leaf,  and  exploration  of  the  vein  sbovs 
and  below  the  level  failed  to  show  its  farther  continusooa. 
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(2.)  Veinstones. — The  gangue '  is  almost  entirety  wliite 
qaartz,  both  in  the  ConinJah  and  Tyndrum  veins.  Calcite 
occurs  sparingly,  and  baryte9  accompaniea  the  ore,  but  only 
at  places  where  it  is  richest. 

In  the  clay  vein  the  ore  is  found  chiefly  in  a  black  in- 
durated fault  breccia  made  up  of  schist  and  quartzite  frag- 
ments cemented  together  in  a  matrix  of  cr}'stalli3ed  quartz. 

The  thickaess  of  the  ore  was  very  variable.  When  only 
4  inches  thick  it  could  be  worked  to  a  profit,  and  where 
richest  in  the  Stamp,  Bryan,  and  Long  Levels,  it  had  an 
avei-age  breadth  of  from  10  to  20  inches.  The  hard  vein  had 
sometimes  a  thickness  of  over  4  feet,  and  was  richest  where 
it  had  a  regularly  defined  hanging  wall,  i.e.,  where  it  was  a 
true  fisstxre  vein,  and  this,  as  we  have  seen,  was  only  the 
case  above  the  line  of  junction  with  the  clay  vein.  The 
hardness  and  toughness  of  the  surrounding  quartzites  added 
greatly  to  the  cost  of  mining  it. 

5.  Miiiilig  History. — The  vein  at  Tyndrum  was  accidently 
discovered  in  1741,  during  the  lease  of  the  Bi'eadalbane 
minerals  to  Sir  Robert  Clifton,  who,  between  that  year  and 
1745,  raised  1697  tons  of  lead  ore.  He  was  succeeded  by 
the  Mine  Adventurers  of  England,  who  worked  the  mine  for 
the  next  15  years,  producing,  between  1745  and  17C0,  2046 
tons  of  ore.  From  17G0  till  1762  the  Eipou  Company  mined 
330  tons,  and  from  1762  till  1768,  942  tons  were  raised  by 
Messrs  Richardson  &  Paton, 

In  1768  the  lease  fell  into  the  hands  of  the  Scots  Mining 
Company,  and  during  their  tenure  the  mine  was  more 
vigorously  worked.  The  existing  levels  were  driven  further 
into  the  hill,  and  the  ground  in  the  vicinity  of  the  Inveroran 
Road  was  explored  by  means  of  two  close  mines,  but  the 
results  did  not  justify  further  expenditure  of  capital  Up  to 
this  time  tlie  ore  had  been  carried  by  way  of  Loch  Lomond 
to  Glasgow  for  shipment  to  the  south,  but  the  Scots  Mining 

'  Thu  Oorniah  word  U  derived  from  tlie  German  Oanij,  a  term  applied 
tcchQicaUy  to  voius  atid  intraBifo  dykes,  bat  origliiall;  meaiiing  a  amrat  or 
•joing,  and  aurrivca  in  tho  Scottish,  gang,  ta  go,  and  in  tbe  Eugliah,  goiig'snj. 
It  aliDuld  be  pnrgdd  of  the  suporflaoiu  and  Bilent  uf,  and  apelt  in  its  original 
simple  form,  gang. 
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Conijiany  erected  smelting  works  about  a  mile  east  of  the 
mine,  and  produced,  between  17C8  and  1790,  1678  tons  of 
lead  from  3685  tons  of  ore,  which  thus  gave  a  yield  of  45 
per  cent 

After  the  time  of  this  Company  mining  wu  earned  on 
intermittently  till  1858,  when  the  mine  was  taken  in  hand 
by  the  late  Marquis  of  Breadalbane  and  carried  cm  till  hia 
death  in  18G2,  when  all  mining  operations  on  the  estate  were 
discontinued  by  tlie  tnieteea. 

The  first  companies  worked  the  highest  portion  of  the  vein 
where  it  was  found  to  be  richest,  taking  out  the  best  and 
leaving  the  poorer  ore,  or  using  it  as  packing.  As  no  roUt 
for  crusliiug  the  ore  were  used  till  the  time  of  the  Soots 
Mining  Company,  a  considerable  quantity  of  good  stuff  was 
lost  by  the  previous  lessees. 

The  mines  have  all  been  worked  by  levels  as  shown  on 
the  small  section.  Fig.  3.  These  were  generally  4  feet  wide 
and  6  feet  high,  and  several  of  thum  are  still  open,  bat  n 
good  many  are  choked  up  at  the  mouth  by  the  falling  in 
of  rubbish  from  above.  The  ore  was  removed  by  the  usoal 
method  of  overhand  Btoping,  but  occasionally  underhand 
Btoping  was  also  resorted  to.  The  tougli  quartzite  fonned  a 
strong  hanging  wall,  and  in  many  cases  large  parts  of  the 
vein  were  removed  and  no  support  left  for  the  roof,  so  that 
a  black  gaping  chasm  is  now  to  be  seen  inside  the  hill  be- 
tween the  different  levels. 
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longing  to  thia  type  are  of  various  ages,  and  are  always  in 
Htratified  rocks.  The  ores  they  contain  are  principally 
ai^ntiferous  galena,  zincblende,  copper  and  iron  pyrites,  with 
quartz,  calcapar,  and  spathic  iron  in  all  proportions,  while 
barytes  and  other  minerals  only  occur  in  subordinate 
quantities.  The  Clausthal  Veins  *  are  all  in  large  faults 
traversing  the  Culm  greywackea  and  shales,  and  the  ore  is 
often  distributed  in  diagonal  bands  (Erzfalle),  like  those 
developed  on  a  small  scale  at  Tyndrum  (Fig.  3). 

The  cloud  of  mystery  with  which  many  questions  relating 
to  the  origin  of  metalliferous  veins  are  involved,  is  both  thick 
and  heavy  to  lift,  and  altiiough  miners  and  engineers  have 
been  at  work  for  the  last  two  thousand  years,  and  have 
honeycombed  the  earth's  crust  in  search  of  the  precious 
metals,  sometimes  to  depths  exceeding  3000  feet,  all  their 
explorations  have  given  us  comparatively  little  help  in  this 
department  of  geological  research.  One  point,  however, 
appears,  in  some  cases,  at  least,  to  have  been  clearly  estab- 
lished, and  it  is  this,  that  rdcris  paribus,  most  metalliferous 
matter  will  be  deposited  at  those  parts  of  the  vein  where  the 
water  which  holds  them  in  solution,  has  greatest  facility 
for  circulation.  In  many  of  the  lead  veins  of  Alston  Moor 
on  the  Tyne,  this  law  has  been  ascertained  by  W.  Wallace, 
who  has  written  a  treatise  on  the  subject,^  and  given  many 
good  illustrative  drawings  and  sections  of  the  fissures  and 
veins  in  that  locality.  At  Tyndrum  the  law  holds  good,  and 
the  reason  wliy  the  vein  in  the  quartzites  is  richest  is  pro- 
bably because  it  is  a  true  fissure  vein  in  which  the  water 
could  freely  circulate,  whereas  the  main  vein  along  the  line 
of  fault  has  been  choked  up  with  brecciated  fragments  of 
the  soft  argillaceous  schist,  which  have  efi'ectually  obstructed 
the  passage  of  the  metallic  solutions. 

Whether  the  metalliferous  matter  has  come  up  from  below 
or  down  from  above,  or  whether  it  has  been  infiltrated 
laterally,  is  an  open  question,  as  no  analyses  of  the  adjacent 

'  Uoicribed  by  one  of  tie  authors  at  page  240  of  this  Tolume. 

'  "  The  Laws  which  regaUle  the  Dei>08itiuu  of  ImuI  Ore  ia  Veina,  illus- 
trated bj&Q  oxfttninRtioD  of  the  geological  structure  of  the  mictng  districts  of 
Alston  Moor."    London,  ISfll. 
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rock  have  been  made,  nor  does  evidencd  exist  in  SkToar 
either  of  the  first  or  of  the  second  of  these  pTOp06ition&  It 
is  certain  that  the  veins  were  formed  after  the  metamorphinn 
of  the  original  sandBtonus  and  argillaceoos  shales  into 
quartzites  and  schists.  These  rocks  were  metamorphosed 
before  the  Old  Red  Sandstone  period,  as  brecdaa  cantaimng 
fragments  of  schist  are  found  at  places  where  the  basement 
conglomerate  of  the  Lower  Old  Red  rests  in  violoit  nnoon- 
fonnability  on  the  upturned  edges  of  the  metamoiphic  series. 
The  great  faults  which  traverse  the  Highland  area  sie  very 
old ;  some  of  them  are  later  than  the  Carboniferous  period, 
but  most,  if  not  all,  are  Pre-Mioceue,  as  the  great  basalt 
dykes  wliich  emanate  from  the  Itliocene  volcanic  plateau  of 
the  Hebrides  nm  across  them,  or  sometimes  become  deflected 
and  follow  their  course  for  short  distances,  showing  the  fault 
fissures  to  have  licen  in  existence  at  the  time  of  the  irruption 
of  the  basalt  One  of  these  dykes  crosses  the  vein  at  tlie  top 
of  the  Sron  nan  Colan  (see  ^lap).  There  are  abundant  proofs 
that  an  enormous  thickness  of  rock  has  been  denuded  fem 
the  Highland  area  since  Pliocene  times.  Some  of  the  dykes 
cross  the  country  from  shore  to  shore,  passing  through  the 
tops  of  mountains  over  2000  feet  in  height,  and  situated  at 
no  great  distance  from  tlie  sea  coast.  Tliia  shows  that  the 
valleys  themselves  have  been  produced  by  denudation  ginoe 
the  time  of  the  irruption  of  the  basalt,  and  that  in  all  pto- 
bability  a  considerable  thickness  of  rock  has  also  been  xe- 
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deposited  the  moat  metalliferous  minerals.  What  the 
chemical  process  was,  is  a  much  more  difficult  question,  and 
how  it  has  come  about  that  ttiere  is  at  some  places  a  mineral 
vein,  and  at  others  nothing  but  a  barren  quartz  reef,  is  a 
problem  to  which  the  data  at  Tyndrum  are  insufficient  to 
afford  a  solution, 

II. — COBRYCHARMAIO. 

At  this  locality,  three  miles  from  the  foot  of  Glen  Lochay, 

which  joins  the  valley  of  the  Dochart  at  Killin,  chrome  iron 

ore  was  mined  on  a  limited  scale  by  the  late  Marquis  of 

Breadalbane. 

The  workings  consist  of  one  smtiU  drift,  now  standing  full 
of  water,  and  several  small  open  pita  above.  The  ore  ia 
found  on  the  south  side  of  the  glen  in  a  mass  of  serpentine 
about  half  a  mile  in  extent  from  east  to  west  and  three 
hundred  yards  in  breadth.  At  the  top  of  the  hill  the  rock 
is  tough  and  green,  but  is  soft  and  white  ia  the  drift  below. 
The  mass  of  serpentine  has  an  apparently  bedded  structure, 
with  a  W.  20°  S,  dip,  at  an  average  angle  of  30°.  As  the 
dip  of  the  mica  schists  on  the  hill  above  and  below  varies 
from  S.  to  S.  20'  W.,  the  serpentine  may  possibly  be  inter- 
calated between  their  bedding  planes.  The  surrounding  mica 
schists  are  generally  gametiferous,  and  in  some  cases  con- 
tain small  bands  of  serpentine.  The  chrome  iron  ore  appears 
to  be  disseminated  through  the  serpentine  in  detached  grains 
or  aggregates,  and  no  vein  is  to  be  seen.  It  occurs  in  masses, 
sometimes  angular,  but  more  often  renifonn  or  lenticular  in 
shape,  and  varying  in  size  from  that  of  a  pea  to  blocks  5,  10, 
and,  in  one  instance,  as  much  as  30  tons  in  weight.  Small 
cavities  lined  with  minute  octahedral  crystals  of  the  ore  are 
not  uncommon.  The  minerals  associated  with  it  are  actino- 
lite,  steatite,  crysotile,  and  magnetic  and  copper  pyrites. 
From  the  trial  workings  made  over  this  field,  about  60  tona 
of  ore  were  raised  and  sold  in  1855-56,  but  the  ground  is 
still  practically  unpfoved.  The  following  analyais  waa  made 
by  W.  Valentine  in  1862  : 
Seeqtiiaxide  of  Clivomiau,  SSSS  per  ixnt.  =^  Chromic  Auid,  IS'3  per  ceat. 
Protoiido  of  Iron,  20-27  per  cent. 
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The  ore  fused  with  the  (greatest  facility,  and  100  lbs.  would 
be  capable  of  furnishing  about  70  lbs.  of  bichromate  of  potuh. 
We  have  just  received  analysis  of  three  BpecimeoB  of  Uw 
ore  made  in  the  lAboratory  of  the  Cleveluul  Steel  Worki, 
1884,  which  gave : 


8eBi)iiioxiil(!  ot  ChromiaiD,  . 

3718 

88 -ZB 

SS-SOpere 

Protoxiile  of  Iron, 

16  80 

23-14 

Sfi-7I      „ 

rrotojido  of  tlKOfiaiMW,     . 

018 

ew 

o-i»    „ 

Silir.,         .... 

10  84 

11-20 

17-00     „ 

Sulphur,     .... 

0-08 

OOB 

0-07      .. 

Phonphoric  Acid,        . 

OM 

005 

0-M     „ 

Line 

Tnca 

TrmM 

TVm 

III. — TOMKADASnAH. 

1-  Topogn|diy. — The  Biuall  hamlets  of  Tomnadssban  uid 
Easter  Tullich  are  situated  ou  the  sloping  hillside,  which 
rises  somewhat  steeply  from  the  southern  shore  of  Loch  Tay, 
about  2  miles  north-eastward  from  the  village  of  Ardeonug, 
and  7|  miles  S.W.  from  KenmcM«. 

Copper  ore  was  discovered  here  by  the  late  Marquia  of 
Breadalbane,  who,  after  mining  and  dressing  it,  had  it 
smelted  in  works  erected  on  the  shore  of  the  loch. 

2.  QtoiogJ. — The  neighbouring  country  is  almoet  entirely 
composed  of  nearly  flat  hydromica  schists,  with  cones  of 
limestone,  hornblende  rock,  and  grit,  and  is  traversed  1^ 
numerous  dykes  of  basalt,  porphyrite,  and  felsite,  whitdi 
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decomposition  products,  and  contains  much  brown  biotit« 
interspersed  through  the  matted  mass  of  beautifully  striated 
plagioclaae  crystals,  which,  with  some  augite,  magnetite,  and 
occasional  crystals  of  pyrites,  make  up  the  main  portion  of 
the  rock.  It  may  be  provisionally  named  Kersantite  or 
Micadiorite,  till  a  more  extended  investigation  shall  disclose 
its  true  relationship. 

It  extends  upwards  from  the  shore  of  Loch  Tay  at  350  feet 
to  the  900-feet  contour,  and  has  in  turn  been  pierced  by  a 
rock  of  totally  different  character,  veins  of  which  ramify  in 
countless  multitudes  through  the  older  mass.  The  later  rock 
is  of  pink  colour,  and  the  thinnest  threads  can  he  easily 
detected  in  the  sombre  Kersantite  with  which  it  is  sharply  con- 
trasted. It  is  well  seen  on  the  beach  a  short  distance  west- 
wards from  the  old  smelting  works,  where  it  is  exposed  in 
mass,  while  further  inland  it  is  only  represented  by  dykes 
and  strings  appearing  at  places  where  the  rock  surface  has 
been  laid  bare.  So  far  as  we  have  observed,  it  never  passes 
out  of  the  Kersantite  into  the  surrounding  schists,  as  Thost 
asserts  in  his  paper  on  the  Breadalbane  Mines.  He  states 
that  the  "  porphyry  "  extends  some  three  miles  southwards 
of  Tomnadashan,  but  has  apparently  confounded  this  rock 
with  ([uartz-porphyiy,  dykes  of  which  occur  at  places  in  the 
neighbourhood,  but  have  no  connection  with  the  rock  in 
question.  It  is  a  granitoid  rock  largely  composed  of  pink 
orthoclase,  with  quartz,  greenish  brown  mica,  and  some  plagio- 
clase  interspersed  through  it.  The  character  of  the  mica  and 
the  presence  of  plagioclase  leads  us  to  class  it  under  the 
variety  of  granite  known  as  "  granitite,"  but  sometimes  the 
orthoclase  crystals  are  very  .large,  when  it  passes  into  a 
species  of  granitic  porphyry.  Both  rocks  are  probably  very 
ancient,  but  have  been  injected  into  the  schists  at  a  period 
subsequent  to  the  time  of  their  metamorphism. 

3.  Distribution  of  Ores. — Small  quantities  of  pyrites  are 
disseminated  throughout  the  basic  rock,  but  the  ore  appears 
to  be  developed  chietly  at  places  near  the  junction  of  the 
two  rocks,  or,  in  other  words,  the  injection  of  the  acid  rock 
into  the  basic  seems  in  some  way  to  have  influenced  the 
original  distribution  of  the  metallic  minerals.    The  ore  is 
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not  concentrated  in  Rvy  particnlar  vein  or  pocket  u  wu 
supposed  when  the  mine  was  being  worked,  bat  is  diasemi- 
nated  thioughout  certain  parte  of  the  rock  in  irr^olar  grains, 
strings,  and  bunches,  from  the  size  of  a  pin's  head  ap  to  that 
of  a  oiasB  two  or  three  feet  in  diameter.  The  fault  fisBiues 
which  we  have  observed  to  traverse  the  lock  are  either  open 
or  are  occupied  by  soft  fault  breccia,  and  have  never  been 
filled  by  any  infiltration  of  mineral  matter  from  the  acyaoent 
rock.  Thost  atatea,  however  (loc.  cil.,  123),  that  in  some 
casea  they  have  served  as  receptacles  for  the  more  valuable 
minerals. 

4.  Ores,  etc. — Copper  pyrites  (chalcopyrite)  and  grey 
copper  (kupferfahlerz)  arc  tlte  ores  found  in  greatest  qnantity 
at  Tomnadaaban.  Iron  pyrites  accompanies  them  as  OBoa], 
being  generally  disseminated  in  cubes  with  alternately  striated 
Bides  and  small  pyritohedra,  while  thin  plates  and  scales  of 
molybden  glance  are  found  in  quartz  veinlebs  traversing  the 
granitic  rock,  but  so  far  as  we  know  this  mineral  does  not 
occur  in  the  basic  rock  at  all.  Silver  ore  is  also  stated  to 
Iiave  been  found  at  Tomnadoshan.  The  copper  ore  is  prin- 
cipally in  the  granitite  which,  when  associated  with  any 
considerable  quantity  of  metalliferous  mineral,  is  always 
more  or  less  decomposed — a  circumstance  often  observed  in 
such  deposits. 

Galena  and  zincblende,  so  often  found  along  with  these 
ores,  are  quite  foreign  to  this  locality. 
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below  show  the  extent  of  the  workings,  which  were  never 
carried  on  very  extensively  as  the  mine  was  hardly  ever 
able  to  pay  its  own  expenses.  The  ore,  when  stamped  and 
dressed,  contained  very  Httle  copper,  one  analysis  by  Professor 
Andrew,  Glasgow,  giving  3*58  per  cent,  copper  and  30-28  per 
cent,  snlphnr,  and  the  great  cost  of  transporting  the  metal 
when  smelted  to  the  Glasgow  market  further  reduced  or  totally 
swallowed  up  any  small  profits  which  might  have  been  made 
had  the  present  Oban  and  Callander  Railway  been  in  existence. 

5.  Remarks  on  11  and  III, — The  Ore  deposit  of  Tomna- 
dashan  ia  essentially  different  from  that  of  Tyndrum,  but 
belongs  to  a  type  nearly  related  to  that  which  includes  the 
chrome  ironstone  of  Corrycharmaig.  In  the  former  case  the 
ore  is  in  a  vein  in  stratified  rocks  through  which  water  could 
freely  circulate,  but  in  the  latter  it  is  disseminated  thronghout 
a  rock  which  is  not  stratified,  but  crystalline  or  massive  in 
character  and  igneous  in  origin. 

The  ore  deposit  of  Corrycharmaig  belongs  to  von 
Groddeck's  type  "Wooded  Peak,"  named  from  a  mountain  in 
New  Zealand,  which  forms  part  of  a  great  tract  of  serpentine 
80  miles  long  and  1  or  2  miles  broad,  and  consists  largely  of 
this  ore.  The  serpentini  and  chrome  ironstone  are  both  of 
the  same  age.  The  original  olivine,  augite,  or  enstatite  rock, 
consisting  largely  of  a  mt^esian  silicate,  contained  also  iron 
and  chrome  mineral  ingredients,  and  in  the  process  of 
serpentinising,  tlie  magnesian  silicates  became  hydrated,  and 
the  other  minerals  underwent  a  different  change.  The 
original  iron  in  the  rock  became  separated  out  as  magnetite, 
while  the  chrome-minerals,  picotite,  chromediopside,  etc., 
were  decomposed,  and  the  chromium  combined  with  the  iron 
to  form  chrome  iron  ore,  which  is  isomorphous  with  magnetite. 
It  is  thus  useless  to  expect  to  find  a  true  vein  at  Corrychar- 
maig, as  the  chrome  ironstone  does  not  occur  in  veins,  but  is 
disseminated  throughout  the  serpentine  in  more  or  less  con- 
centrated aggregates,  and  muiing  in  such  a  deposit  must  be 
always  more  or  less  precarious  in  character. 

The  same  remarks  are  generally  applicable  to  the  copper 
deposit  of  Tomnadaahan.  It  belongs  appajently,  most  nearly, 
to  a  related  species  named  by  our  authority  "Type  Med- 
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nonidjansk,"  and  which  is  defined  as  consisting  of  "  indtuioiu 
of  pyrites — iron,  magnetic,  and  copper  pTrites,  embescite,  eta, 
more  rarely  other  sulphides  as  galena,  blende,  faUen,  eta — 
in  massive  rocks  usually  in  diorite,  gabbro,  and  olivuie 
rock  (serpentine)."  This  defioition  does  not  fit  exactly  u 
the  description  we  have  given  shows,  for  (1)  the  rock  in 
which  most  of  the  ore  occurs  is  not  a  diorite,  gabbro,  or  olivine 
rock,  and  (2)  although  pyrites  is  most  abundant,  a  laige 
quantity  of  fohlerz  or  grey  copper  is  also  present,  bat 
magnetic  iron  or  erubescite  are  not  known  to  occnr.  Hie 
ore,  as  has  boun  remarked,  occurs  at  places  where  the  granitio 
rock  is  decomposed,  and  at  or  near  the  contact  with  the  baaio 
rock.  The  metallic  elements  have  probably  been  originally 
brought  in  by  the  later  eruptive  rock,  oa  Thost  remark^  and 
the  ore,  like  the  chrome  iron  in  the  serpentine,  has  been  ptD- 
duced  OS  a  decomposition  product,  and  along  with  it  calcite, 
quartz,  spathic  iron,  and  a  little  barytes,  all  of  which  could 
have  been  derived  from  the  minerals  in  the  surrounding 
rock.  The  dark  rock  is  not  generally  so  much  decompoaed 
as  the  red,  and  at  many  places  appears  quite  fresh,  but  tha 
latter  is  very  rarely  to  be  seen  without  some  traces  of  deoom- 
position  {vide  v.  Groddeck,  §§  80,  81). 

IV, — COBRIE  But 
Argentiferous  galena  veins  have  been  worked  at  Corrie  Bui 

on  the  topof  MealnaCreige,  ahill  2083  feet  in  height,  situated 
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contains  from  86  to  600  oz.  of  silver  per  ton  of  ore.  Two 
small  lumps  of  native  gold  were  found  in  the  quartz  as  it 
was  being  crushed  under  the  hammer. 

The  veins  unfortunately  become  barren  as  they  pass  down 

into  the  schists  below  the  calcareous  zone,  and  at  a  depth  of  100 

feet  below  the  surface  they  were  found  to  consist  of  white 

quartz  alone,  thus  rendering  all  further  working  unproductive. 

V. — Ardtalnaic. 

Small  veins  of  galena  and  blende  have  been  e.\poaed  by 
costeaniug  on  the  side  of  the  bill  E.  of  Ardtalnaig, — a  village 
on  the  soutli  side  of  Loch  Tay.  about  a  mile  N.K  of  Tomua- 
dashan,  but  they  are  far  too  thin  to  give  any  hope  of  future 
productiveness.  The  principal  vein  haa  been  opened  out  at 
a  spot  on  the  hillside  about  900  feet  high,  aud  due  E.  of 
Ardtalnaig  where  the  schista  are  traversed  by  a  sheet  of 
intrusive  felsite  of  pale  cream  colour  and  perfectly  compact 
texture.  The  vein  runs  through  the  felaite,  into  the  mica 
schist,  and  then  passes  again  into  the  intrusive  rock.  It  is 
interesting  to  note  that  where  it  is  in  the  schist,  galena  and 
blende  are  both  present,  in  a  matrix  of  barytes  and  quartz, 
while  the  portions  of  the  vein  traversing  the  felsite  contain 
galena  and  quartz  but  no  blende. 

Many  other  small  threads  and  strings  of  ore  intersect  the 
schists  around  Kenmore  and  along  the  shores  of  Loch  Tay, 
but  none  have  been  discovered  with  any  approach  to  work- 
able thickness. 
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vom  Innem  der  Gebirge,"  in  which  the  rocks  of  the  Harz 

were  for  the  first  time  described. 

AmoDg  the  great  names  associated  with  the  explorations 
of  the  Harz  in  the  past,  may  be  mentioned  those  of  Lasiua, 
Freiesleben,  Hausmann,  Fr.  Hoffmann,  von  Euch,  Ch.  Zim- 
mermann,  aud  F.  A.  Roemer,  to  which  must  he  added  those 
of  our  own  countrymen,  Murcliison  and  Sedgwick ;  while 
the  present  generation  ia  represented  by  such  well-known 
"Forscher"  as  Lessen,  Beyricb,  von  Groddeck,  and  Kayser, 
who  find  in  the  rocks  of  the  Harz  an  ever  fruitful  field  for 
original  investigation  and  discovery. 

About  two  years  ago  Professor  K.  A.  Lessen  of  Berlin  pub- 
lished a  very  beautiful  and  minutely  detailed  geogiiostic  map 
of  the  Harz  and  surrounding  country  on  a  scale  of  1  :  100,000, 
on  which  no  less  than  ninety  difl'erent  kinds  of  rock,  etc., 
are  indicated  by  various  colours  and  signs;  and  last  year 
(1883)  my  esteemed  teacher,  Dr  Alb.  von  Groddeck,  Director 
of  the  Koyal  Mining  Academy  at  Clausthal,  issued  the  second 
edition  of  his  little  volume,  "Abriss  der  Geognosie  des 
Harzes,"  which  is  intended  to  accompany  the  map  aa  an 
explanation,  siuce  no  large  descriptive  memoir  on  the  geology 
of  the  Harz  has  yet  appeared. 

With  the  exception  of  the  valuable  pioneering  papers  by 
Murchiaon,*  and  sundry  casual  notices  in  text-books  and 
periodical  journals,  nothing  appears  to  have  been  written  in 
English  on  the  Geology  of  the  Harz  Mountains ;  and  it  ia 
now  my  wish  to  fill  up,  however  imperfectly,  this  blank  in 
oar  scientific  literature  by  seeking  to  give  an  outline  of  the 
geological  structure  and  history  of  that  delightful  region. 

During  my  residence  in  the  Harz,  while  studying  for  two 
aesaions  at  the  Koyal  Mining  Academy  at  Clausthal,  I  had 
numerous  opportunities  of  examining  the  geological  structure 
of  the  range.  Botli  in  the  lecture-room  and  in  the  weekly 
excursions  to  the  metal  mines  or  to  field  sections,  I  enjoyed 
the  pleasure  of  listening  to  Dr  von  Groddeck'a  valuable 
exposition  of  the  Geology  of  the  Harz.  But  in  addition 
to  these  excursions,  I  made  a  series  of  independent  traverses 


'  See  Appendii. 


210  Frocetdivgt  of  tfu  Boyal  Phj/ntal  SeeiUy. 

across  the  chain,  the  results  of  which  niay  help  to  throw 
light  on  its  geological  history, 

IL  TOPOGRAPHY  OF  THE  HABZ. 

The  Harz  *  is  the  highest  mountain  range  in  North  Q«r- 
many.  It  is  situated  between  the  Weser  and  the  Elbe,  aboot 
125  miles  south  of  Hamburg,  and  extends  from  N.  lat 
51°  30}'  to  51°  57i'.  It  rudely  resembles  the  segment 
of  a  circle,  whose  chord  extends  for  a  distance  of  about 
66  miles  in  an  E.S.  and  W.N.W.  direction,  thus  follow- 
iiig  the  general  trend  of  the  adjacent  ranges.  This  peculiar 
configuration  is  entirely  due  to  the  geological  structure  of 
the  ground,  as  a  glance  at  the  accompanying  sketch-map  will 
show.  The  maximum  breadth  of  the  Harz  is  about  20 
miles  (Britiah),*  and  the  area  786  square  mQes,  of  which  457 
belong  to  Prussia,  286  to  Brunswick,  and  43  to  AnhalL' 

Like  the  Alps,  Pyrenees,  and  Himalayas,  the  Harx  is,  la 
we  shall  afterwards  see,  a  mountain  system  of  elevation,  and 
not  a  tableland  of  denudation  like  Norway  or  our  own 
Highlands.  It  consists  of  a  central  mass — the  Broc^m, 
3746  feet  (1142  m.)*  high — with  several  surrounding  heighta 
of  lesser  magnitude,  which  in  the  western  division,  drained 
by  the  Weser,  form  the  plateau  of  the  Upper  Harz  (2100 
feet) ;  and  in  the  eastern,  drained  by  tributaries  of  the  Elbe^ 
the  featureless  uplands  of  the  Lower  Ilarz,  whose  average 
hi;i}:;ht  ia  abnut  liJilO  feet.    jUoh^;  tliu  iiortlu'Vii  iHHitniary  line, 
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Zellerfeltl,  Grund,  Wildemann,  LautenthaJ,  Altenau,  and  St 
Andreasbei^;  and  on  the  Lower  Harz,  Elbingerode,  Ben- 
neckenstein,  Ilfeld,  Hasaelfelde,  Stolberg,  and  Harzgeroda 

The  KyEfhauaer  is  an  isolated  bill  situated  a  few  miles 
from  the  southern  edge  of  the  Harz,  close  to  tlie  village  of 
Kelbra,  which,  but  for  its  geological  interest,  would  not  have 
been  alluded  to  here. 


III.  GEOGNOSY  OF  THE  HARZ. 

1.  Ahch-eajj  Roces  of  the  Kyffhapsee. 

The  red  Fermian  sandstones  and  conglomerates  of  the 
Kyifhauser  rest  on  a  basement  of  gneiss,  a  small  patch 
of  which  is  seen  peeping  out  along  the  N.  side  of  the  range 
to  the  S.E.  of  Kelbra.  The  gneiss  is  highly  crystalline 
and  sometimes  granitic,  and  strikes  in  an  approximately  E. 
and  W.  direction.  It  is  associated  with  a  beautiful  highly 
hornbleudic  diorite  and  a  variety  of  very  hornblendic  syenite, 
containing  much  sphena  The  numerous  granite  veins  by 
which  it  is  intersected  are  probably  connected  with  a  main 
mass  beneath,  part  of  which  is  exposed  on  the  face  of  the  hill 
immediately  below  the  Kyffbauset  tower.  The  geological 
structure  of  this  eminence  is  shown  on  section  No.  2.  The  age 
of  the  gneiss  cannot  be  definitely  fixed,  aa  the  requisite  data 
are  awanting,  but  in  petrographical  character  it  most  nearly 
resembles  the  ArchEean  gneiss  of  other  countries,  and  is 
meanwhile  relegated  to  that  formation. 

2.  "  Kerngebirge,"  or  older  Paleozoic  Core  of  tub  Harz. 
a.  Hercyoian. 
The  oldest  rocks  of  the  Harz  were  formerly  classified  at 
Upper  Silurian,  as  they  contain  graptolites  and  other  Silurian 
forma.  More  recent  researches,  however,  have  led  to  their 
being  placed  under  a  separate  group,  occupying  a  position 
intermediate  between  Silurian  and  Devonian.  This  group  is 
named  from  the  Harz  "  Hercynian,"  and  corresponds  to  Bar- 
rande's  Stages,  F,  Q,  ii,  of  the  Bohemian  basin. 
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The  Hercyniaa  Socks  aie  thus  classified : 


(2.)  UwerWied 

(1.)  TtDDsrOraTwrnck 01<lMt  rock  of  th*  Han. 

(1.)  The  Tanner  greyw&cke  is  nsually  fine  gtained,  and 
occurs  in  thick  beds  with  thin  ahaley  intercalstiona.  It 
contains  ]>l&nt  remains,  JCnorrw,  Sagenaria,  Lepidodatdrtm, 
Archaocalamitea,  and,  according  to  Kayaer,  some  oonls  *od 
crinoid  stems. 

(2.)  To  these  rocks  succeeds  the  lower  division  of  the 
Lower  Wiederschiefer.  This  group  consists  of  shales,  with 
grey wacke  beds  containing  plants  j  also  whet  slates,  Ideael- 
acbiefcr,*  and  lenticular  foasiliferous  limestones,  which  are 
sometimes  of  workable  thickness.  The  limestone  is  of  two 
kinds — a  compact  splintery  Biliceous  variety,  and  a  gianulsi 
sparry  variety.  The  former  is  characterised  by  coatuning 
cephalopoda,  and  the  latter  by  its  brachiopods.  The  fknna  is 
Devonian,  and  is  represented  in  the  genera  Gyroeerai,  Otmiia- 
tites,  Cryphaeus,  Terebraiula,  Spinfer,  AmptejMS,  and  Pletm- 
dictyuM. 

The  whet  slates,  or  "  Wetzachiefer,"  are  yellowiah  or 
greenish-grey  homogeneous  silicified  clay  slates,  with  miert^ 
scopic  mica  scales,  yellowish-green  niicroliths,  toonoalina 
needles,  and  sometimes  abundance  of  garnets.*  The  Eienl- 
schiefer  will  be  noticed  under  the  Culm  Eocks. 

The  Upper  or  GranLoliltj  shale  ltuuu  consists  of  clay 
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that  the  graptolites  do  not  occur  in  the  lowest  beds,  but  are 
found  at  the  very  top  of  the  Hercynian  series.  Might  I 
Buggeat  the  possibility  of  these  graptolites  having  migrated 
as  a  colony  from  aome  other  area  during  the  deposition  of 
this  formation  7  In  our  Scottish  Old  Ked  Sandstone  of 
Lanarkshire  a  similar  case  occurs  in  the  shape  of  a  single 
graptolite  found  in  a  thin  band  of  shale  about  5000  feet 
above  the  base  of  the  system.' 

The  graoular  diabase  generally  associated  with  the  Upper 
Hercynian  strata,  is  noticed  under  the  palaozoic  volcanic 
rocks  at  p.  244. 

b.  Devonian. 

The  Devonian  rocks  rest  conformably  on  the  Hercynian, 
and  are,  on  the  Harz,  as  at  other  places  in  Europe,  pal^on- 
tologically  divisible  into  three  groups — (1.)  Lower,  (2.) 
Middle,  and  (3.)  Upper. 

(1.)  The  Lower  Devonian  rocks  of  the  Harz  are  of  two 
faciea — the  "  Upper  Harz  facies "  and  the  "  Lower  Harz 
faciea." 

The  Upper  Harz  faciea  ia  represented  (lat)  by  a  set  of 
apparently  unfossiliferous  quartzites,  forming  the  Bruch- 
berg,  a  high  ridge  running  from  the  Brocken  south-west- 
vrards  to  the  edge  of  the  Harz  near  Osterode ;  and  (2d)  by 
a  series  of  fossiliferous  sandstones,  well  developed,  between 
Clausthal,  Goslar,  and  Ocker,  ■where  they  form  the  Ram- 
melsberg,  Bocksberg,  Kahleberg,  etc.  This  rock  ia  named 
the  "  Spiriferen sands tein,"  from  the  numbers  of  spirifers  it 
contains. 

The  fossils  which  characterise  the  Spiriferensandatein  are :  * 


Clcnoerimi4  dMuiarlyliu. 
Ci/ai/ioerimit  pitmalui, 
Teitlaeluiita  taibiris. 


lihyndumella  OrbignyoMa. 
PUrinta  fateiculaia. 
Nvaita  Kraditat. 

Oardmia  Vcluela. 

Orlhoeeras  planiacptoium. 

Fhaeopt  lati/rota, 
CPunuU*  tareinulata,  Jlomatonolvj  Oigai. 

C.  dilaiala.  Etc,  ete.,  etc. 

*  A.  Oclkie,  Teit.bwk  of  Geology,  p,  7U. 

*  T.  Oioddevk,  Abriis  dcr  Ocognodo  dii  Hk»Da,  id  edit.,  p.  91. 


S.  aiUrijugaUu, 
8.  ipedtmu. 
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The  Lower  Harz  focieB  of  the  Lower  Devonian  haa  been 
divided  into  five  sub-groups :  * 


.  {      Intercaliitoil    gnjmckB    and    Tfiif  Iwhitifni 
of  SUegv. 


3.  "lUnplkiawbchiofer,"  .  i     ^j_ 


3.  "ObareWiedtnchierer," 


Lnub'rbcrg;  ilao  to  If.E.  of  Han^HO^  asd 
on  N.  ritle  of  tbe  ElbiDgBitxla  btwuk. 

f  Like  the  Lover  Wiedench.  At  pUeaa  ntt  Hid 
grwD  varic^teil  ( =  BuntMhialsnone) ;  ihEate 
□f  dialiMD  and  Kcwa  iliAle  at  top.      Oftntan- 

J      bvrf(c,     Elbingerode     boiin,     wd     botwaan 

(.     Ilvttileilt  anil  Hnitoogen. 

IOd  a.  und  H  of  the  anticlinal  uda  of  tko  TwB*r 
p.,  iinrDSHilif.,  and  not  caloanotu.  On  M. 
uf  nxis  (ifleo  fouilif.  with  faona  of  8piilte«a- 
■auiUttio.  S.  and  E.  of  HingnM^  OtB- 
teraborge,  Elbingsroile  buin. 

(2.)  The  Middle  Devonian  of  tbe  Upper  Han  ia  repie- 
eonted  by  (1st)  a  series  of  thin  argillaceous  limestoneB  inters 
bedded  with  shales,  which  reata  on  the  Spiriferenaandatein, 
and  is  named  the  "  Calceoloschichten  "  (Calceola  beds),  from 
the  abundance  of  the  typical  Middle  Devonian  coral  CaIetol» 
mndalina  which  it  contains.  CupremxHnitea  UragaUi  and 
Spirifer  speciogua  are  also  characteristic  of  the  group.  Othor 
common   fossils    are    Cyathophyllwm    vermiculare,  Avotitm 
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seriea  of  limestones,  with  beds  of  tuff  and  ironstone.  The 
characteristic  fossil  is  Stritu/ocephalus  Burttni.  It  is  here 
associated  with  Calceola  sandalina,  but  on  the  Upper  Harz 
the  Stringocephaliis  is  only  found  in  a  thin  bed  between  the 
diabase  sheets  extending  from  Altenau  to  Osterode. 

(3.)  The  normal  Upper  Devonian  seriea  of  the  Upper  Harz 
ia  represented  by  the  so-called  Intumescens  beds,  or  Kramen- 
zeUcalk,  over  which  lie  the  Cypridina  shales.  These  beds 
are  best  developed  roand  the  edges  of  the  Goslar  shale 
area  south  of  Goalar.  The  Krameiizelkalk  ia  a  compact  grey 
argillaceous  limestone,  with  thin  shale  beds  and  few  fossils. 
The  most  important  is  Goniatiiea  intumescens;  other  forms 
are  G.  hicanaHcalatus,  G.  retrorsiu,  Cardiola  retrosiriata.  Area 
Clymeniae,  and  F/iacopa  laevis. 

The  Cypridina  shales  are  developed  principally  between 
Langelsheim  and  Lautenthal.  They  are  greenish,  yellowish, 
or  red  in  colour,  and  have  occasional  limestone  nodules. 
The  shales  are  often  spotted  with  the  little  shells  of  Cypridina 
serrato-striata,  from  which  they  are  named.  A  few  other 
forma  occur,  including  Posidonomya  vennsia,  P.  striala-sulcata, 
and  Phacops  cn/plophi/uilmiis. 

The  Upper  Devonian  of  the  Elbingerode  basin  con- 
sists of  limestones  and  calcareous  beds,  with  Rhyndiondla 
cuboides,  Terebratitla  elongata,  and  Spiri/er  disjurwlvs  (Ver- 
neuUi),  and  beds  of  diabase  tuff  (Schalstein). 

The  chief  limestone  of  the  Upper  Devonian  series  is  named 
the  "  Ibergerkalk,"  from  Iberg,  a  hill  on  the  Upper  Harz, 
near  Gruud,  a  village  7  kilos  W,  from  Clausthal.  The 
Iberg  and  Winterberg  are  parts  of  a  great  isolated  boss  of 
Devonian  limestone,  which  rises  through  the  overlying  Culm 
strata.  It  is  almost  totally  unstratified,  and  is  very  rich  in 
corals.  The  limestone  is  honeycombed  by  a  vast  number  of 
caverns  and  fissures,  some  of  which  contain  deposits  of  iron- 
stone, etc.,  and  others  are  open  to  visitors  (e.^,  Eaumanns- 
and  Bielshohle,  near  Rubeland,  Lower  Harz),  In  the 
Haumannshohle  many  bones  of  cave  animals  have  been 
found,  such  as  cave  bear,  cave  dog,  hy^na,  cat^  horse,  etc. 
The  limestone  of  the  Iberg  rises  through  the  Culm  grey- 
wackes  and  shales,  which  are  folded  and  crumpled  round 
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its  sides,  to  a  depth  of  about  1300  feet  (400  m.)  below  the 
summit — a  fact  which  appears  to  point  to  its  hsving  fonned 
a  massive  resisting  body,  while  the  more  pliable  sedimen- 
tary strata  around  it  were  bent  about  during  the  great  earth 
movements  which  took  place  in  the  middle  of  the  Carbonifer^ 
ous  period.^ 

This  great  Devonian  coral  reef  contains,  beaidea  many 
corals  (as  Aicervuiaria,  Ct/atAophyUum,  etc.),  other  foaaila  in 
great  numbers,  e.;/. : 

TtrtimUvia  tlojtgata.  £4yiuk«i«Ua  ettMim,  M.  Pmgmm. 

Spiri/er  titnpltx,  dtjUau,  b\/idiit*.  Ortki*  ttrinhrfa. 

ChnialiUt  Wumii.  CvHoeardiuwL  IraptaMaU, 

AI(o  many  ipeciei  of  Natiea,  Twbo,  FUuntomaria,  Loceotnt^m,  ato. 
Dr  voD  Groddeck,  in  his  paper  just  alluded  to,  notea  the 
striking  resemblance  between  the  Iberg  rock  and  the  Devonian 
limestone  at  Freiburg  in  Lower  Silesia,  which  also  rises  liln 
an  island  through  the  overlying  Culm  grey  wackes  and  aliaUl. 
The  dimensions  of  the  Lower  Devonian  series  m  not 
known,  but  the  Middle  Devonian  beds  have  been  found  in 
the  Bockswiese  mine  north  of  Clausthal  to  have  a  thiclmesi 
of  about  100  feet  (30  m.),  and  the  Upper  Devonian  Eiaman- 
zelkalk  and  Cypridina  shales  a  thicknoss  of  62n  feet  (160  m.). 
My  best  thanks  are  due  to  Professor  von  Groddeck,  who  has 
kindly  supplied  me,  since  leaving  Clausthal,  with  tliess 
figures,  as  well  as  with  other  information  which  1 1 
to  obtain  during  my  residence  there. 
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compact,  very  hard,  iafusible,  hornstone-likc  siliceous  rock, 
with  splintery  fracture  and  dark  colour,  and  is  impregnated 
with  carbonaceous  material  and  iron  oxide.  It  occurs  in 
beds  made  up  of  layers  from  1  to  4  inches  in  thickness,  and 
ia  traversed  by  numerous  joints,  and  veined  with  quartz. 
The  kieselscbiefer,  whet  slates,  and  adinole  beds  of  the  Upper 
Harz  have  been  described  minutely  by  Dr  F.  Wunderlich,^ 
who  has  given  an  elaborate  account  of  their  chemical  and 
mineralogical  characters.  The  following  analyses  of  these 
three  rocka  made  by  him  {loe.  cU.,  pp.  30,  31)  give  a  good 
idea  of  their  average  composition : 


A. 

KiesolHohiefor. 

B.  Adinele. 

0.  What  Slates 

SiO„       .        .        . 

»2'*82 

77-278 

74-839 

Fe,0,     .        .        . 

0-B55 

0-749 

0-960 

FeO, 

0700 
2-687 

1-278 

iO'2oa 

1-348 

Al,0„      .         .         . 

13-284 

MnO,       . 



(1'2401 

1'05S 

CaO.        .         .         . 

1-358 

1-667 

1'28» 

MgO.       .         .         . 

0-824 

0-464 

0-420 

K,0.        .         .         . 

0-644 

0-926 

1-174 

N^O,      .        .         . 

0-641 

4-897 

2-610 

P,0„       .        .        . 

Trace 

(0-284) 

{0'132) 

OaPeS,  (copper  pyrito). 

0034 

Twee 

0'227 

CI 

0-052 

0-044 

(0-OSB) 

C 

0-666 

0  184 

0-16S 

H^,        .        .         . 

174S 

a -771 

2 'STB 

I 


101480  101-430  100-42.3 

Besides  these  constituents,  traces  of  TiO„  FeS,  (iron 
pyrites),  and  Sb,S,  occur  in  each  rock.  SOj  occurs  in  a  few 
cases,  and  some  of  the  specimens  of  b  and  c  contained 
a  large  quantity  of  CaCO^  a  is  the  average  of  five,  and 
B  and  c  of  sis  analyses.  Figures  in  brackets  indicate 
that  the  material  in  question  has   not  been  found  in  all 


The  adinoles  are  distinguished  chemically  from  the  kiesel- 
scbiefer by  the  larger  quantity  of  alkali  they  contain,  which 
renders  them  easily  fusible  before  the  blowpipe,  while  the 
kieselschiefet  are  infusible.     The  variegated  banded  appear- 


'  MittheilimgeD  dei   I 
Clanethal,  1880,  pp.  1.9E 
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ance  of  the  former  renders  tbem  easiljr  '<'«t'"g""T'^MIiff  bj 
the  eya 

The  Kieselschiefer  beds  are,  in  aloiost  all  the  cases  I  have 
seen,  intensely  cmmpled  and  bent  into  sharply-defined  folds, 
in  a  way  vhich  shows  them  to  have  been  quite  plastic  at 
the  time  of  their  contortion. 

(2.)  The  "  Posidonomyenschiefer "  are  ordinary  dark  blue 
or  grey  argillaceous  shales  ("  blaes  "  of  the  Scottish  miner), 
with  many  impressions  of  PoaidoMomya  Beduri.  Other 
characteristic  forms  are  Orthoceras  atrioiatum,  QoniaMei  erg- 
nigtria,  G.  mixolobm.  Plant  remains  are  rare  in  this  gioap^ 
Small  beds  of  limestone  occur  in  these  shales  at  some  places. 
On  the  south  side  of  the  Iberg  blocks  of  a  dark  lime- 
stone are  found,  containing  the  following  Carboniferons 
fossils: 

TenlinUnIa  wntrarin.  PndMCtui  mra, 

Iiuxeramit*  earbtmaniu.  OoHiatiUt  ertmiilria. 

Phiilipiia  alUmaiu. 

There  are  also  patches  of  quartzite  between  the  Clatisthal 
greywacke  and  the  Devonian  limestone  of  the  Iberg,  which 
cotitoiu  carboniferous  limestone  fossils,  and  are  regarded 
by  Kayser  and  others  as  silicilie<l  carboniferous  limestonei 
This  limestone  appears  to  have  been  formed  as  isolated  patches 
in  the  neighbouriiood  of  the  boundary  between  the  Ibeig 
limestone  and  the  greywacke^ 
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lemaina  are  neither  very  abundant  nor  perfect.     The  most 
characteristic  species  are — 

CulamUa  IraTiaitiona.  Knorria  Jugleri. 

„        Boemeri.  ,,      /iui/armt$. 

Xapidmtandrvn  Vulthnmianun.  Bomia  seroHculala, 
„           hseagonum. 

Tlie  Upper  or  Gnind  Greywacke  is  a  conglomeratic  rock, 
with  pebbles  of  white  quartz,  quartzitea,  granites,  and  quartz 
porphyries — all  of  a  kind  unknown  either  among  the  older 
rocks  of  the  Harz,  or  among  those  of  the  surrounding  ranges. 

3.  Border  Rocks  (Ramdgesteine). 

d.  Coal  measures  {Obere  Steiiikoklenfortnation). 
The  coal  measures  are  represented  at  Meisdorf  on  the 
northern  Harz  border,  near  Ballenstedt  (see  section  No.  1), 
and  at  Grillenberg  and  Ilfeld  on  the  southern.  The  series 
at  all  three  localities  is  very  thin,  and  rests  in  violent  im- 
conform ability  on  the  upturned  edges  of  the  Devonian  rocks. 
At  Ilfeld,  where  it  has  been  best  explored,  the  series  consists 
of  a  basement  conglomerate  of  grey  colour,  containing  com- 
pletely rounded  egg-  to  head-sized  pebbles  and  boulders  of  grey- 
wacke,  Keselschiefer,  and  occasionally  quartzite,  with  inter- 
calations of  red  and  brown  arenaceous  shale  and  sandstone, 
above  which  come  the  true  coal-bearing  strata.  These  are 
principally  sandstones  and  planl^bearing  bituminous  shales, 
resting  on  a  bed  of  grey  conglomerate,  and  containing  a 
workable  coal-seam  in  three  divisions,  whose  thickness  is 
generally  4  to  5  feet,  but  sometimes  amounts  to  7  or  8  feet 
(Pros,).  The  roof  of  the  coal-seam  consists  generally  of  thin 
fissile  red  or  grey  shale,  or  conglomerate  made  up  of  sub- 
angular  fragments  of  Hereyniaa  rock.  It  is  found  at  some 
places  near  Ilfeld  to  cover  the  coal  unconformably ;  and 
for  this  and  pah-eontological  reasons  has  been  relegated  to 
the  overlying  New  Red  or  Rothliegendes  formation.^ 

'  3«e  utide  on  tbo  Cool  foimatioit  in  tlie  neigliboiuhaoil  of  llfold  in  the 
Collirni  Onardian,  No».  12,  1876,  pp.  713,  711 ;  ilso  C.  F.  Naumfinn  iiber 
die  geognoatiKlien  TerhdltniBBe  des  Mclaphyr  Gebietes  vod  Ilfeld,  Leocburd 
u,  Brono.,  Jfthrb.,  1860,  pp.  1-36;  alao  Geinitz  Dyas,  ii,  p.  l&a. 
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■  The  coal  and  subordinate  strata  extend  as  a  namnr  band 
from  Vatersteine,  behind  the  old  castle  of  Hohenstein,  to 
Neustadt,  then  onwards  by  Ilfeld  across  the  Behrethal  to 
the  Kunzentbal,  near  Rothensiitte — a  total  distance  of  some 
16  miles.  The  series,  which  dips  away  from  the  moontaiiu, 
thna  lies  in  a  great  bay  in  the  old  "  core  "  rocks,  which  have 
here  formed  part  of  the  ancient  margin  of  the  Ouboni- 
ferous  sea. 

The  flora  of  this  district  is  characterised  by  the  abnndBnce 
of  its  ferns,  which  leads  to  its  being  comlated  .with  the 
highest  of  the  German  coal  strata^  Forty-aiz  species  of 
plants  are  known  to  occur  at  Ilfeld.  A  list  of  the  flora 
is  given  in  the  article  in  the  Colliery  Ovardian  jnst 
referred  to. 


e.  Permian  {Dyat). 

The  Btmta  above  the  coal-seam  are  at  some  places  Ul 
formablc,  and  contain  a  slightly  difTerent  Sora  from 
which  is  furnished  by  the  bituminouB  shales  associated 
the  coal  itself.     The  division  is,  however,  by  no  meana 
sharply  defined;  but  Murchison,  Sedgwick,  and  F.  A. 
of  Clausthftl  were  of  the  opinion  that  the  coal-seam 
Carboniferous  ^e,  while  all  the  overlying  red  rocks 
to   the  Lower  Fermian  or  Bothliegendea   group,  and 
geologists  are  inclined  to  adhere  to  their  viewa 


that 

with 
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The  Eothliegendes  ia  typically  developed  at  Mansfeld, 
where  it  has  the  following  two  divisions : 

I  Basttlt  (Mekjibjr)  tuflfl  aud  amygdaloida,  with  qnarU-porphyry 
Upper,   \      conglomenktes  with  liasalt  pebbles.     Dark  red  eandatflaea  reatmg 
(      on  angular  grained  Bandstonea,  with  flilicifiiid  cauiferotis  steniB. 

Ked  shalci  and  claya,  witli  bard  fine  BandsUnos  and  beds  of  "hom- 
quartz  cod  glome  rate,"  10  to  ovor  20  feet  thick.  Two  or  three 
bsila  of  argilliceoas  unfassiUrerans  mBsaive  limeitDDe,  each  abont 
3  feet  thick.  BriliiBnt  red,  fine  sandy  claya  at  ba»e  over  caiboni- 
ferouB  rocka,  Saudstoucs,  ehalei,  and  limeatoneB  along  S.  border 
of  Ham.     BaBalt  and  porpbyrite  eruptionB  daring  this  period. 

The  so-called  "hom-quartz  conglomerate"  is  made  up  of 
nut-  to  head-aized  pebbles  of  grey  quartz,  oval  or  round, 
quite  smooth,  and  very  compact  and  hard.  They  are  usually 
found  in  a  loose  red  clay  matrix,  from  which  they  are  easily 
detached  to  be  used  as  road-metaL  These  alternate  with 
other  fine  conglomerates,  containing  bean-aized  pebbles  of 
jaspery  rock  or  Ideaelschiefer,  No  granite  pebblea  occur  in 
the  Bothliegendes. 

The  Rothliegendes  is  not  usually  very  foasiliferous,  and 
bespeaks  a  period  in  which  the  waters  were  by  no  means 
conducive  to  animal  existence.  The  land  plants  which  occur 
are  of  the  usual  Permian  type,  chiefly  Cycada,  Conifers,  Ferna, 
and  Calamites,  with  a  few  Lycopods.  Silicified  stems  of 
tree-feras  (Fsaronius  and  Tubicaulis)  and  conifers  are  abun- 
dant at  some  localities.  On  the  KyfThauaer  there  are  many 
such  stems  2  or  3  feet  in  diameter,  and  sometimes  30  feet  in 
length,  lying  embedded  in  the  red  sandstone  of  the  Upper 
Kothliegendes. 


From  a  palteontological  point  of  view,  the  Zechstein  forms 
part  of  the  Permian  series,  but  geologically  it  deserves  & 
separate  place  in  the  list  of  formations,  as  it  indicates  a  great 
change  in  the  physiography  of  the  region.  The  southern 
and  eastern  flanks  of  the  Harz  are  classic  localities  for  the 
study  of  the  Zechstein,  which  has  there  acquired  a  world- 
wide interest  from  its  seam  of  copper  shale — the  celebrated 
Kupferschiefer  of  the  Mansfeld  basin — and  from  its  great 
beds  of  aobydrite,  gypaum,  and  dolomite,  which  form  lines 
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of  impoeiog  escarpment  facing  the  mountaim,  ind  remind 
the  spectator  of  the  white  chalk-cliffs  that  giidle  the  aonthezn 
Bhorea  of  Britain. 
The  Zechateiu  ia  here  divisible  into  three  lithdogioal  granpi : 

IDorelomd  at  Haiufdi],  Mid  mIoDg  loiitli  bordar  of  tlie  Han. 
8.  Tough  brown  or  bins  claji,  •Itematiiis  with  ttdn  bod*  of 
;allowiih  limestone  ■mTduloiliitt. 
7,  Gypinm  without  anhjdrit*  (jouoger  gfftua), 

{DeTeloped  all  ronnd  th>  Han. 
0.  Dolomite,  fretid  limntone,  and  ihals. 
G.  Dolomite,  grannlar  ami  wudy  (Aache),  and  poroiw  and  OMOW 
(KsDchwMks). 
i.  Anhydrite  and  gyinum,  with  rackaalt  bsda  (oldar  gypaiua). 

!S.  ZccLetein. 
2,  Kunfenchiefer. 
1.  ZecliRtaiD   conglomerate  (WajaaK*- 
gend«a)  resting  on  Bothliegendea. 

The  BO-called  "  Weissliegendea  "  (white  layer)  or  Zeclutein 
conglomerate  occurs  in  the  Mansfeld  district  conformably 
on  the  top  of  the  Rothliegendea ;  but  at  Ilfeld  and  other 
places  a  discordance  baa  been  observed  between  tiie  two 
groups.  It  is  a  greyish  conglomerate,  with  pebbles  of  decom- 
posed greywacke,  kicselschiefcr,  and  quartz  in  a  calcazeons 
matrix.  Pebbles  of  the  volcanic  rocks  of  the  Rothlicgendes 
do  not  occur  in  this  bed.  It  occurs  along  the  southern  bordar 
of  the  Harz  and  on  the  Kyffliauser,  and  has  a  thickneas  of 
from  3  to  6  feet  In  the  Mansfeld  district  between  Eisleben 
and  Hettstedt  it  is  represented  by  a  bed  of  coarse  grey 
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Camarophoria  Scklolheimi  (Buch.),  Slrophalosia  Goldfussi 
(Miinat.),  etc. 

It  is  the  Gypsum  of  the  Middle  ZechBtein  (older  gypsum) 
that  forms  the  white  cliffs  at  Osterode.  In  the  Mansfeld 
district  it  occurs  lenticularly,  and  has  been  passed  through 
in  the  various  shafts  sunk  to  the  Kupferschiefer,  hut  thins 
out  and  does  not  make  much  appearance  towards  the  edge 
of  the  basin  at  the  outcrop  of  the  seam.  Wherever  the 
gypsum  occurs,  subsidences  of  the  surface  take  place,  from 
the  falling  in  of  subterranean  cavities  where  the  gypaum  or 
the  local  rocksalt  beds  it  contains  have  been  dissolved  away 
by  percolating  water.  Many  audi  cavities  have  been  struck 
in  the  Mansfeld  shale  workings. 

The  so-called  "Eauchwacke"  is  supposed  to  have  been  pro- 
duced by  the  expansion  accompanying  the  hydration  of  the 
anhydrite.  The  increasing  volume  of  the  gypsum  thus  formed 
would  shatter  the  overlying  dolomite,  and  convert  it  into  the 
brecciated,  porous  mass,  called  by  the  Mansfeld  miners 
"  Rauh- "  or  "  Rauchwacke,"  from  its  rough  feeling  to  the 
touch.  Ttie  Rauchwacke  has  a  thickness  of  from  6  to  65 
feet,  and  contains  the  following  fossils  :  MytUus  Hausinanni 
(Goldf.),  Gerviltia  ceratophaga  (SchL),  Schizodus  ohscwrus 
(Sow.),  etc. 

The  great  masses  of  Eocksalt,  which  occur  along  with  the 
anhydrite  and  gypsum,  reach  an  enormous  development  at 
Staasfurt  and  Schtinebeck,  and  have  recently  been  found  to 
exist  in  workable  quantities  at  Ascherslehen,  near  the  eastern 
end  of  the  Harz,  and  at  Vienenburg,  a  village  opposite  the 
base  of  the  mountains  at  Harzburg.  The  bottom  of  the 
great  salt  bed  at  Stassfurt  has  not  yet  been  readied,  but 
borings  have  proved  it  to  have  a  thickness  of  at  least  1600 
feet  (490m.).' 

/  Trias. 

It  is  not  my  intention  to  do  more  than  give  a  general 

glance  over  the  Secondary  rocks,  aa  they  are  more  interesting 

to  the  paleeontologist  than  to  the  geologist,  and  do  not  differ 

'  S«   H.  U.  Cadetl  on  "The  Suit  DepoaiU  of  Stassfurt"  (Truim.  YAinh. 

Owl.  Soo.,  Tol.  v.,  nu). 


k 
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greatly  from  thoafi  of  the  BritiBh  Isles.  The  Qermtn  Triaa 
is,  as  its  name  implies,  divisible  into  three  weU-mmrked 
groups.    It  is  found  all  round  the  Harz. 

(S.)  Keuper,    .     .     Variigitad  daya  mnd  msrli,  with  Hnditinia  Mid  gfpMUL 

iLimntone,  with  Ammtmila  (CeratiUt)  ^itthmr 
Litnntone  bcdi  aod  clan  below  oolitie  liiBB- 
itoDs,  with  rnvfrnKuJa  vttlgarU,  T.  Iriga. 
ntlta,  Lima  ttriata. 
Uiddls,    Dolomitic  marla,  with  umie  nTpmn ;  no  tomSi%, 
"  Sclianiiikalk,"  with  Ai- 


(3.)  Hnachelkallc, 


I  "WBllenltaIk"and  '       

Lower,    \      ervMU  lilii/onnit,  TwriUlla  mlata,  Tmto 
(     grtgaritiM,  TrigoKia  lavigaia,  oto. 

iChioflj  reddish  or  Taiiegated  taoditoaM^  with  bedi  of 
rocstone,  f^panm,  and  rovksalt,  alnuwt  nnfiNnliftttma. 
Fotidimomifa  OtrmarL 

Lai^  beds  of  rocksalt  occur  in  the  German  as  well  aa  in 
the  English  Trias.  A  thick  bed  occurs  at  Schonebeck  between 
the  upper  and  middle  dimions  of  the  Bunter,  as  veil  aa  that 
between  the  Zechstein  and  Lower  Bunter,  already  aUnded  to. 


g.  Jura. 

The  Jurassic  Bocks  are  developed  in  a  narrow  band  along 
the  northern  boundary  of  the  Harz,  and  are  divided  into  (L.) 
Lias  or  Black  Jura ;  (2.)  Do^er  or  Brown  Jura ;  and  (3.) 
Upper  or  White  Jura. 

(1.)  The  Lias  or  lowest  division  is  classified  chieSy  by  its 
Ammonites. 
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which  is   also   chiefly  indebted  to  the  Ammonites  for  its 
airaDgement  into  the  following  8  zones  : 

5.  Clays  with  A.  Jtuon,  AthUta,  Lambtrii,  grt/pliaa  dilatata,  Bel.  eanalieu- 

7.  Kellowttjs  rocit  :  A.  matnxephalita,  funalta,  etc 

6.  Combraah,  iinsll  piece  not  in  place,  witll  Avicala  eshinata. 

S.  Bella  witll  Ostna  Anom'i,  Am,  fcrmgintut,  Parkinsoni,  AitarU pulla. 
i.  CIbvb  with  browu  ironstone :  Zoue  of  Jnt,  ParHas<nii,  TcrebnU.  vaHam, 

0*Tta  ixplaTuUa,  Trigonia  cotttUa,  Pholadomga  Mttnhitoni. 
3.  Zooe  of  Am.  conmalus,  doubtful. 
2.  Clays  with  aphEeroaiderite  nodules :  ItuiecraTmu  poli/ploeui,  PAoladomga 

(3.)  The  Upper  or  White  Jura  contains  the  Oxford  Clay, 
Coi'alrag  and  Kiinmeridge  beds,  and  is  richly  foaailiferous. 
The  various  subdivisiona  of  the  Jurassic  series  do  not  occur 
with  very  great  persistency,  as  they  often  thin  out  and  dis- 
appear at  some  places,  reappearing  again  at  others. 

The  following  are  the  palaeontological  groups  into  which 
the  Upper  or  White  Jura  is  divided ; 

'/■  Uafosdliferona  marly  limesUme  ovet- 

laid  by  cryst.  limestoDS,  30  ft. 
e.  Marls  with  Aaiarte  and  Ctriihium,  25 

to  30  ft. 
if.  White  compKct  muly  limestone,  20  to 
30  ft.       TtTcb.   fubiclla,   PeeCm  Com- 
alMjt,  Pholadomya  midtuojitaia,   one 
gpecimoQ  of  Exogj/ra  ViTrpUa. 
t,  Dolomitic  limcatoae,  10  to  IS  ft.,  with 

PUnxxrat  Oceani,  Ponti,  etc.,  etc. 
h.  Marls  and  marly  limeatODe,  20  to  SO 
ft.,  with  Ortalya  Satumtrii,  nttculix- 
/oralis,  Chemniliia  abbreviala,  Nalioa 
globosa,  dubia,  maeroiloma,  etc. 
ft.  U&rly  limeatono,  10  ft  Tirtbratnla 
h/umtralU. 


g.  Yellow  grey  marl,  G  II.,  with  Exogyra 

tpirala,  SAyndaiuUa  ptHffuii. 
/.  Limestone,    i  ft.,   with  J^'erilua  (A', 
vunrgi*  t). 

t.  Oolitic  nuu-Iy  lineatono,  3  It.,  EBogyra 
spiralil,  ^ytilia  fuTcaliu. 

d.  Dark  grey  marly  limeatooe,  4  ft.,  very 

roB<nliferoDa.  Cidarit  cnniilaris, 
JUtngtmiita,  Eh.  pingaii,  inconslana, 
Diademn  rabangiilaTe. 

e.  Grey  Btratified  clay,  2  to  3  ft. 

i>.  Lnmiiiated  marly  limratoDe,  3  to  4  ft. 

a.  Yullow  CDarselyooliticmarly  timeatone 
and  msirl,  IS  ft.  Emgyra  lubula, 
Fettm  articuialvi,  Fkurolmnarin 
tiiprufKmuii,  TenbrcU.  irigontUa. 
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Umntoiw,  1  to  2  n.,  foil  of  eonU,  rngtOtHj  dUrm 

heliantimda. 
Mirlr  liniHtonei,  with  A.  etrdataM,  A.  Kpte,  An^M 


A.  CretocMU. 

The  Jarassic  rocks  around  tbe  Hart  are  corend  oonfcmn- 
ably  by  the  basemeot  beds  of  the  Cretaceoiu  system,  which  is 
only  found  on  the  north  side  of  the  range. 

The  Cretaceous  system  is  divisible  here,  u  eleewhera  in 
Germany,  into  5  main  groups  :  (1.)  Neocomian  (or  Hila),  and 
(2.)  Gault  (Lower  Chnlk) ;  (3.)  Cenomanian ;  (4.)  Turoaian ; 
and  (5)  Senonian  (Upper  Chalk).  There  is  no  lepreBaDtatiTS 
of  the  Wealden  in  the  ueighbourhood  of  the  Haiz. 

The  Hils  conglomerate  and  limestone  form  the  base 
of  the  system,  and  are  covered  by  the  Hils  clay — a  bed  of 
loose  glauconitic  sands  with  clays  and  marls.  Tbe  coDglome- 
rate  consists  of  little  pebbles  of  limooite — the  Bohnen  of  the 
Germans — which  also  occur  in  the  Hila  clay,  and  sometimes 
form  workable  beds.  The  conglomerate  at  places  Gils  worm 
tubes  which  extend  1  or  2  inches  downwards  into  the  lime- 
stone of  the  Kimmeridge  group.  The  Hils  limestone  con- 
tains among  others  the  following  fossils: — 

Toxarirr  eomplaiuUtit. 
Tercbralula  mulltfomi*,  etlattga. 
EKoggra  rinuata. 
Ottna  maeroptrra. 
Pataia      -    " 
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The  Upper  Chalk  containa  the  following  gronpa : — 


r[&.)  Cnvieri  beds  roall;  Senoouui.      Huls  and  nurly  liino- 
j  atotiea  with  bvils  oi  greai  sand  and  cocglomerato  full 

of  gliarts'  teeth  ;   Inoeeranaa  Ouvieri,  Ter.  avnua. 


Ananchylet  ovatui,  Micraaler  a, 

(g.)  Scaphites  beds  with  occBsional  flints.  SaiphiUs  Oeitiilxi, 
Am.  pcramptua,  Heliocaraa  ptiratilU,  liuitermnut 
lalus,  euiui/onaia. 
<  (/■)  Whito  Brongiiiarti  beila ;  grey  and  anow-whita  lime- 
stone, compact  and  hard,  or  chalky.  Inoc  Bnmg- 
niarti,  Ehj^ush,  Martini,  Sh.  MiaOclliatvi,  Ter.  semi- 
globoia,  Micnuter  air-angitinutm. 

(<.)  Red  Brongniarti  beds;  fl«sh-rod  marly  limeetone,  hard 
and  sometimes  with  conchoidal  fracture  :  In. 
BroTUptiarli,  mytilaida,  Eh.  Ufarlini,  ManUlliana, 
T,  yrmiglnbosa. 
'{d.)  Poor  Ehotomagenais  beds,  fosaila  rare,  grey-white  solid 
liniijstonea,  hard,  and  with  conchoidal  fmcturo. 

(c.)  Ehotonutgemiia  beds,  rock  like  b.  Am.  rholomagtvMJl, 
Inoc  airialva,  flieatula  isflala,  Tar,  Uplicaia,  Hohuter 
lubgbiioeta,  Diacoidea  cylindriea. 

{b.)  Varians  beds.  Hard  grey  limestones  with  marls,  occa- 
sional grey-white  massive  limestones  with  earthy 
frai'tnre.  Aia.  variaia,  Mantelli,  Ttirrilita  tuber- 
ttilatHt,  Iwx.  tirUUvt,  Flieaiula  inflata. 

(a.)  Green  clayey  ssnds  and  glauconida  marls.     A.  variaju, 

Man/elU,    Miiyorianus,     Titrril.   tubemftahu,   Jnoc 

ilrialiu,     Janira    ijuiiuftieaiitiUa,    Oatrea    carijuUa, 

Jth-i/aeh.   latiMtnui,   ffemiatteT  bu/o,   Diacoidea  lut- 

I  liculut. 

2.  Senontav. 

This  highest  division  of  the  Cretaceous  sygtem  extends 
unintermptedly  from  Goslar  to  Ballenstedt  in  a  great  cake 
which  spreads  out  northwards  over  the  plain  at  the  base  of 
the  mountains,  and  ia  not  violently  tilted  up  on  end  like 
the  underlying  strata,  where  they  abut  against  the  older 
rocks.  V.  Groddeck,  to  whose  book  I  am  principally  in- 
debted for  the  notice  of  the  Harz  rocks  just  given,  states 
(p.  152)  that  the  flat-lying  Seoonian  rocks  have  been  found 
in  a  railway  cutting,  through  the  Petersburg  (to  the  R  of 
Gofllar),  to  rest  unconformaUy  on  the  upturned  edges  of  the 
Planer,  as  is  shown  on  Sections  3  and  4 

The  western  Senonian  strata  of  this  district  are  chiefly 
marls  and  limestone  conglomerates,  but  towards  tho  east 
along  with  thefle  rocks  a  great  series  of  sandstones  comes  on 
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— the  so-called  Quadersandstone — which  fomu  the  pictur- 
esque line  of  clifTs  called  the  Teufelsmaner  near  Thale  and 
Blankenbui^. 

The  Senonian  rocka  have  a  rich  fauna.  A  few  of  the  principal 
species  are  Siphonia  pundnta,  S.  ficKi,  GaUnies  tiongatuM, 
Ter.  eamea,  Janira  quadrieogtata,  Lima  Hoperi,  Spondytut 
gtriatvs ;  Inoc  Cameri,  digitatvx,  lohatus  ;  NauiUua  Uevigattu, 
BelemniisUa  quadrata.  Fenlacrinila  noduloma;  Oitrea  Jlaiel- 
liformis;  Exoffyra  auricularis;  ddaria  clavigera;  Sblader 
granuloms ;  Rhyndi.  ala,  pisutn. 

4.  Teetuey  akd  Pleibtocehe. 
t.  Oligocene. 

The  Eocene  group  is  not  represented  in  Qermanj,  and  the 
Brown  coal,  clay,  and  sand  beds  of  the  Oligocene  seriet  an 
everywhere  found  resting  uncouformably  on  the  Upper 
Cretaceous  rocka. 

The  Brown  coal  of  Germany  is  principally  of  Oligocene 
age,  but  occurs  at  a  few  localities  among  the  oyerlying 
Miocene  strata.  Patches  of  brown  coal  are  found  in  hollows 
in  the  surface  of  the  Secondary  rocks  around  the  'Sajz,e.g.,B.t 
Thale  and  Blankenburg,  at  Riestcdt,  near  Eisleben,  etc.,  and 
a  small  bed  of  brown  coal  has  been  found  on  the  palceonuc 
rocks  of  the  Lower  Harz  at  Elbingeroda'  The  brown  coals 
of  the  Harz  are  almost  entirely  composed  of  stems  of  IVunte 
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Bpores.  In  the  Dorothea  Mine  at  ClauBthal,  an  ancient  level 
was  opened  some  years  ago,  in  wluch  the  pine  timbering, 
which  had  been  imprisoned  for  about  400  years,  was  found 
converted  into  true  brown  coal,  specimens  of  which  may  be 
seen  in  the  Oberbergamts  Museum  there.  The  case  is  inter- 
esting, as  it  proves  that  under  requisite  conditions  of  pressure, 
warmth,  and  moisture,  brown  coal  may  be  formed  at  a  com- 
paratively rapid  rate. 

k.  Drift  and  Loss. 

The  Oligocene  beds  are  covered  by  great  sheets  of  drift 
(Diluvium)  which  extends  over  immense  areas  in  the  north 
of  Germany,  and  consists  of  clays,  sands,  and  gravels,  of 
local  or  Scandinavian  origin. 

Erratics  are  abundant  in  the  diluvium,  and  are  found  scat- 
tered over  the  western  part  of  the  Lower  Harz,  along  with 
the  so-called  "  Brown  Coal  Quartzite  "  pebbles.  They  have 
not  been  found  on  the  eastern  Harz  ;  and  the  bounding  line 
which  crosses  the  range  between  Stoiberg  and  Gemrode  is 
taken  as  the  western  limit  of  the  Great  European  ice  cap 
during  the  period  of  maximum  glaciation.' 

Traces  of  glaciers  are  said  to  have  been  found  in  some  of 
the  valleys  of  the  Harz.*  Moraines  have  been  described  as 
occurring  in  the  Oderthal,  a  deep  glen  which  rises  in 
the  plateau  between  the  Eruchberg  and  the  Brocken  at 
a  height  of  2500  ft.,  and  runs  southwards  past  Andreasberg 
to  the  border  of  the  district  at  Lauterberg.  The  moraines 
are,  however,  far  from  distinct,  and  may  ultimately  turn 
out  to  ha  portions  of  old  rivet  terraces  rounded  o£f  by 
snbaerial  erosion. 

The  much  debated  Loss  occurs  along  the  south-eastern 
flanks  of  the  Harz  near  Mordhausen  and  op  the  Kyffbiiuser 
near  Kelbra,  It  is  regarded  by  Dr  J.  Geikie  as  the  Hood 
loam  laid  down  by  the  vast  inundations  that  took  place 
during  the  melting  of   the  great   glaciers.'    The  "  ./Eolian 

'  See  map  of  the  Ice  Sheet  appended  to  Professor  J.  Qeikis'a  recent  Work, 
"  PrehiBtoric  Europe. " 

■  E.  Eajser,  Verhtuidl.  d.  Oegelbch.  f.  Erdkunde  Za  Berlin,  3  Decemb. 
1831  ;  also  K.  A.  Lessen,  Zeic  d.  d.  geoL  Oos.,  ixiiii.,  18S1,  p.  703. 

■  Great  Im  Age,  2d  edit,  p.  S50. 
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theory"  of  Von  lUchtbofeD  may,  however,  be  epjilioable 
also  in  cases  where  the  Loss  occuis  at  levels  which  iiTezs 
could  hardly  reach. 

It  is  fine  yellowish  sandy  or  calcareons  loam  ftill  of  little 
twigs  and  rotten  sticks.  It  is  often  totally  nnstrotifled,  and 
bears  very  little  resemblance  to  an  aqneous  depoait.  Here 
and  there  stray  pebbles  and  small  patches  of  sand  or  gravel 
occur,  and  on  a  more  careful  search  minate  shells  are  to  be 
found  in  abundance.  These  are  terrestrial  or  lacoatrine  in 
character,  and  bespeak  a  moist  soil  and  mild  climate.  Some 
of  the  chief  species  are  Swxinea  oblortga,  Hdix  hi^nda,  H. 
scricea,  H.  jndchella.  Pupa  muKOrwn,  Aduttina  aeoumia. 
Small  marly  concretions  are  found  in  the  Loss  which  have 
often  grotesque  forma,  and  are  named  Losskindel,  LSBSmiiim- 
chen,  etc.  (loss  babies,  mannikins),  by  the  German  peaaants, 
who  see  in  them  a  fanciful  resemblance  to  new-born  lepre- 
seotatives  of  genua  homo. 

The  newest  depoait  is  the  alluvium,  which  is  carried  down 
from  the  Harz  and  spread  in  vast  quantities  along  the  hanlcs 
of  the  rivers  as  they  debouch  on  the  plains,  where^  losing 
speed,  they  are  obliged  to  relinquish  the  spoils  th^y  fasve 
plundered  from  the  higher  regions. 

6.  Massive  Bocks  of  tiie  Harz. 
In  noticing  these  rocks  it  will  be  most  convenient  to  follow 
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sheets  and  bosses  in  the  Devonian  and  Hercynian  aeriea, 
both  on  the  Upper  and  Lower  Harz.  There  are  two  varieties, 
one  of  which  is  compact  and  the  other  granular.  The 
granular  diabase,  or  diabase  gabbro,  as  it  is  sometimes  called, 
is  a  crystalline  mixture  of  labradorite  and  augite  or  diallage 
with  magnetite,  titaniferous  iron,  and  apatite,  and  is  coloured 
green  by  a  chloritic  decomposition  product.  The  fine-grained 
or  compact  variety  has  the  same  constituents,  but  is  often 
characterised  by  the  development  of  chlorite  and  calcite  in 
spherules,  when  it  is  known  as  "  Elattcrstein."  The  plagioclase 
is  occasionally  porphyritically  developed  in  crystals  half  an 
inch  in  length,  when  the  rock  passes  into  a  diabase-  or 
labradorite- porpbyrite. 

The  diabase  of  the  striv^ocephalus  horizon,  both  on  the 
Upper  and  Lower  Hai-z,  is  associated  with  much  pale  green 
or  bluish  fine-grained  tuff  or  schalstein.  A  very  good  section 
of  the  diabase  and  tuff  beds  of  the  Upper  Harz  is  exposed  in 
the  bed  of  a  small  stream  which  runs  into  the  Hutthal  about 
3J  kilos  S.E.  from  Claiisthal.  The  volcanic  beds  liave  also 
been  cut  through  in  making  the  road  between  Clausthal  and 
Lerbach,  but  the  section  is  now  becoming  rather  obscured. 

Orthodase  porphyry  ^  or  Syenite  porphyry  occurs,  according 
to  Lessen,  as  interbedded  sheets  along  with  the  diabase  of 
the  Elbingerode  basin.  It  has  a  fine-grained  or  compact 
ground-mass,  with  large  crystals  of  felspar  in  Carlsbad  twins, 
which  has  been  ascertained  to  be  of  the  variety  named 
microperthite. 

Kermntite '  or  Micadiorite  was  discovered  by  Loasen  at 
Michaelsteia  a  short  distance  westward  from  Blankenburg. 
Its  relations  to  the  surrounding  rocks  are  obscure,  but  Lessen 
has  placed  it  in  the  group  of  pregranitic  eruptive  rocks. 

It  is  characterised  by  abundance  of  plates  of  biaxial  mica 
not  exceeding  1  or  2  mm.  in  diameter,  and  contains  much 
orthoclase  and  plagioclase.  Lossen  considers  the  ground-mass 
to  be  orthoclase.  Phlogopite,  apatite,  rutite,  garnet,  cyanJte, 
sillimanite,   and    zirkon    are    accessory   ingredients.       The 

'Loauat,  Zeitscbr.  det  dentKh.  gaol.  Oes.,  Bd.  xxjuL,  ISSl,  p.  175; 
xnii'.,1882,r-  IM- 

LoBscD,  Jshrb.  d,  k.  preius.  Laudeuuistalt,  18S0,  p.  22. 
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keraantite  of  Michaelstein  containa  64'25  per  cent.  <A  Si(^ 

and  1609  A1,0^ 

b.  Onnltlo  and  Related  EnvUva  Boob. 

More  lecently  voa  Groddeck  has  daacribed  another 
occurreDce  of  kersantite  at  Lautenthal  oo  the  Upper  Han.* 
The  rock  occurs  hero  as  a  well-marked  dyke,  vhich  nuu 
southwards  through  the  Culm  greywackea  ftom  the  edge  of 
the  Palaeozoic  series  at  a  point  a  short  distance  westward  ttom 
LaDgelsheim.  It  has  a  length  of  ahout  5^  milea  (8  Idla),  and 
is  continually  shifted  in  a  lateral  direction  hy  a  aeries  of 
faults  so  as  to  resemble  on  the  map  a  flight  of  irT^;iilar  steps. 
This  kersantite  has  the  peculiarity  of  having  a  percentage  of 
silica,  which  vanes  between  46  and  63*6,  and  is  nearly 
inversely  proportional  to  quantity  of  carbonates  contained 
in  the  rock.  The  fact  of  the  dyke  traversing  the  Cnlm  attata, 
and  being  cut  by  the  faults  which  intersect  them,  leads  me 
to  class  it  along  with  the  members  of  the  granitio  group 
which  bear  the  same  relation  to  the  surrounding  rocka. 

Granite  occurs  at  three  places  as  intrusive  bosses — (1.) 
Brocken,  (2.)  Bamberg,  (3.)  between  the  Ockerthal  and 
Kadauthal,  and  at  each  locality  is  similar  in  composition. 
It  consists  of  reddish  orthoclase,  greenish  oligoclase,  qoaitc, 
and  black  mica.  White  mica  does  not  occur  in  the  Brocken 
granite,  and  only  sparingly  at  the  other  places.  Tourmaline 
is  found  as  an  accessory  ingredient  in  considerable  quantities 
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Gahbro  and  Plagwdase-enstaiiU  rocks  are  found  in  great 
masses  between  t!ie  granite  of  the  Brocken  and  that  of  the 
Ockerthol.  In  the  Badaiithal  above  Harzburg,  the  gabbro 
is  largely  quarried  for  road  metal.  It  is  there  made  up  of 
labradorite,  hypersthene,  and  diallage,  with  titaniferous  iron, 
magnetic  pyrites,  quartz,  biotite,  etc.,  as  aceessoTy  con- 
stituents. Veins  of  graphic  granite  traverse  the  gabbro  at 
places,  and  gabbro  veins  traverse  the  granite  of  the  Eckerthal 
above  Harzburg,  showing  both  rocks  to  be  contemporaneous. 

Plagiocloie-enstatite  rocks  occur  in  the  gabbro  in  thin 
isolated  zones,  running  from  S.W.  to  N.E.  They  consist, 
when  fresh,  of  anorthite,  enstatite,  and  occasionally  olivine, 
and  can  be  arranged  in  a  series,  at  one  end  of  which  the  rock 
is  made  up  almost  entirely  of  anorthite,  and  at  the  other  of 
enstatite.  The  olivine  varieties  have  sometimes  taken  up 
water  and  become  serpentiniaed,  while  the  enstatite  crystals 
remain  entire,  and  give  the  rock  a  peculiar,  semi-metallic, 
lustrous  appearance.  This  variety  of  Schillerfels  has  been 
named  bastite,  from  the  Baste,  a  place  in  the  forest,  near  the 
top  of  theliadauthal,  where  it  is  found  in  considerable  quantity. 

c.  Postgranitic  Eruptive  Rocks. 

Quartz-porphyry  occurs  in  dykes  and  interbedded  sheets  in 
the  Eothliegendes  at  Lauterberg.  The  dykes  have  a  grey 
to  reddish  brown  ground-mass  enveloping  large  orthoclase, 
quartz,  mica,  and  pinite  crystals,  while  the  sheets  have  few 
crystals,  and  weather  in  platey  fragments  like  shales. 

The  quartz-porphyry  of  the  Auerberg,  near  Stolberg,  ie  a 
great  "  stock  "  or  boss,  with  cream-coloured,  grey,  or  greenish 
ground-mass,  and  abundance  of  quartz  diliexahedra — the  ao- 
called  Stolberg  diamonds — which  are  very  characteristic  of 
the  rock.  Externally  this  rock  resembles  the  quartz -porphyry 
from  the  coulee  of  South  Corriegills,  Arran,  which  is  also  full 
of  double  pyramids  of  quartz.  The  Arran  rock  is,  however, 
much  darker  in  colour  than  any  of  the  Auerberg  quartz- 
porphyry  I  have  seen,  and  it  shows  fine  iiow-lines  on 
weathered  faces.  The  quartz-porphyry  of  the  Auerberg 
shows  signs  of  incomplete  fusion  with  the  sedimentary  rocks 
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at  the  edges  of  the  mass,  and  aenda  ont  Bereral  apophysas  of 
felsite,  which  are  of  a  yellowish  brown  tint,  and  to  the  naked 
eye  almost  ondiatingnishable  from  fine  sandstone. 

Orthoelaae  porphyry — ^the  so-called  giey  porphyry  of  the 
Harz — 0CCUI8  in  a  aeries  of  dykes  crossing  the  Han  be- 
tween Ilfeld  and  WemigeTode.  It  has  for  ingredients 
orthoclase,  oligoclase,  quartz,  a  dark  green  hornblende-like 
mineral,  mica,  and  in  lesser  quantity,  graphite,  pinite,  and 
garnets. 

Basalt  dyka  mn  parallel  with  these,  and  are  piobahly  con- 
nected with  the  interbedded  basalts  of  the  Lower  Fennian 
group  at  Ilfeld. 

The  term  baaalt  seems  to  me  to  be  preferable  to  the 
old  word  melaphyre,  which  is  in  general  use  in  Germany. 
There  is  really  no  petrc^nphical  difference  between  the  two 
rocks,  the  term  melaphyre  being  simply  used  as  a  synonym 
for  basalt  of  Faheozoic  age.  To  classify  rocks  on  chronologioal 
grounds  seems  to  be  a  false  principle.  Sandstone  is  surely 
sandstone,  and  limestone,  limestone,  whether  it  be  Falseozoio 
or  Fleistocene,  and  why  should  basalt  not  always  be  called 
basalt  too,  so  long  as  it  is  really  the  same  petn^iaphical 
species?  Speaking  from  the  point  of  view  of  a  geologist 
and  not  of  a  petrographer,  I  am  of  opinion  that  the  name 
"melaphjrre"  should  either,  like  the  terms  "tiap"  and  "green- 
stone," be  laid  on  the  shelf  or  else  be  used  in  an  altogether 
different  sense,  as    its   present    signification   can  only  be 
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6.  METAMOEpnic  Rocks. 
a.  Contact  HetamorphiBm. 

The  granites  and  the  intniaive  diabases  of  the  Lower  Harz 
are  smrounded  by  a  fringe  of  more  or  less  highly  meta- 
morphosed strata.  The  contact  nietamorphiam  has  been 
carefully  studied  by  various  investigators,  including  Losaen, 
who  has,  at  different  times,  given  elaborate  accounts  of  it 
in  the  "  Zeitschrift  der  deutschen  geologischen  Gesellschaft." 
The  compact  diabases  which  generally  occur  in  large  beds 
are  accompanied  by  "  green  shales "  (griine  Schiefer),  %.«., 
micaceous  chloritic  shales  with  hematite  scales,  quarts, 
granular  calcite,  plagioclaae,  and  siskin  green  epidote,  either 
mixed  with  the  rock  or  in  strings  and  veins.  The  shales 
occur,  as  a  rule,  either  above  or  below  the  Hauptkieselschiefer, 
but  rarely  in  that  rock  itself.  Ferruginous  quartz,  probably 
a  decomposition  product  of  the  green  chloritic  mineral,  and 
of  the  red  ironstone  to  be  afterwards  noticed,  occur  along 
with  the  compact  diabases. 

The  green  shales  are  best  developed  in  a  band  surrounding 
the  diabase  patches,  between  Stiege  and  Eodishayn,  a  village 
situated  about  5  kilometers  S.W.  from  Stolberg. 

The  contact  rocka  of  the  granular  diabase  gabbro  are  quite 
different  from  the  green  shales  just  described  as  occurring 
around  the  compact  diabase.  They  are  essentially  divisible 
into  two  groups  {1.)  Kieselschiefer,  (2.)  "  Band- "  and 
"  Fleckachiefer  "  or  "  Desmosit "  and  "  Spilosit." 

(1.)  These  siliceous  shales  really  belong  to  a  totally  dif- 
ferent family  from  the  true  kieselschiefer,  whose  acquaint- 
ance we  have  already  made.  They  are  intensely  hard,  have 
a  iiat  conchoidal  fracture,  are  very  compact  and  splintery, 
and  generally  grey  in  colour,  but  are  sometimes  banded, 
and  although  very  difficult  to  fuse,  can,  by  a  good  blaat,  be 
converted  into  a  whitish  slaggy  enamel.  They  have  been 
classed  as  hiilleflinta  by  Naumann,  of  whose  nomenclature 
LoBsen  approves.  The  adinoles  which  occur  at  Lerbach  on 
the  Upper  Harz  are  quite  analogous  to  the  hallefiintas — 
indeed,  with  the  exception  of  the  greater  fusibility  of  the 
former,  there  appears  to  be  no  difference  between  them.   The 
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adiooles  at  Lerbach  occur  between  the  Kieselschiefer  in  doM 
proximity  to  the  contemporaneooa  diabase  and  toff  beds  in- 
tercalated with  the  DevoniaD  and  Culm  at  that  locality. 

(2.)  The  other  focies  of  contact  metamorpbiam  ia  develi^ied 
chiefly  to  the  north  of  the  cential  axis,  while  the  variety  jiut 
deacribed  occurs  on  the  opposite  side.  It  is  chanctaristically 
developed  on  the  river  Lupbode  below  Allrode,  and  tm  tlie 
Bapbode  between  Biibeland  and  Haaselfelde,  wheie  the 
diabases  are  girdled  by  zones  of  "  Spilosit "  and  "  Desmosii." 
The  former  is  a  finely  foliated  schist  with  small  spots  of 
darker  colour  and  undefined  edges.  The  latter,  instead  of 
being  spotted,  has  a  banded  structure,  but  is  essentially  tihe 
same  rock. 

The  sedimentary  rocks  surrounding  the  granitic  mnnimn 
are  much  more  highly  metamorphosed.  They  are  converted 
into  homfels — a  comprehensive  term,  including  a  variety  of 
rocks  which  have  been  hardened  and  altered  into  a  toogh 
homy  masa  Heated  water  in  trying  to  escape  from  before 
the  rising  mass  of  molten  rock  below,  appears  to  have  jdayed 
an  important  part  in  the  alteration  of  the  sedimentaiy  strata. 
The  greywackes  and  clayslates  contain  an  abnormal  qoantily 
of  silica,  and  many  foreign  minerals,  including  garnets, 
actinolite,  cordierite,  mica,  vesuviauite,  and  tonnnaline, 
have,  by  the  same  agency,  been  formed  in  the  altered  lock. 
A  schistose  or  gneissic  structure  is  sometimes  to  be  found 
dose  to  the  edge  of  the  granite  where  metamorphism  has 
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13  ft  foliated  rock  with  crystalline  graina  of  quartz  and  felspar 
resembliDg  felsite  when  the  foliation  is  subordinate,  and 
pasdiig  into  sericite  when  the  porphyroidal  crystals  are 
subordinate  and  the  foliation  predominant.  The  felspar  is 
either  orthoclase  or  albite.  There  are  also  Bemicrystalline 
sericitic  greywackes,  sericite  schists,  green  ferruginous  silici- 
fied  shales,  clayslates,  and  veins  and  geodes  of  amorphous 
quartz,  with  disseminated  barytes,  ironglance,  and  albite 
showing  the  characteristic  triclinic  striation.  In  addition 
to  these  minerals  beds  of  shale  containing  crystals  of 
karpholite  occur  in  the  S.E.  metamorpliic  zone.  The  sericite 
is  a  compact  mass  of  minute  muscovite  scales  with  usually 
a  faint  green  colour,  and  bearing  a  strong  resemblance  to 
talc,  from  which,  however,  it  can  easily  be  distinguished  by 
aid  of  the  blowpipe. 


7.  Metallifehous  Deposits  of  the  Harz.' 
a.  CoDtemporaneons. 
Denonian. — (1.)  The  famous  copper  and  lead  deposit  of  the 
Rammelsberg,  near  Goslar,  has  now  been  proved  to  be  a  set 
of  great  lenticular  beds  of  ore  in  the  Upper  Devonian  Goslar 
shale  group,  which  is  here  inverted,  and  thus  seems  to 
uaderlie  the  Spirifer  Sandstone  which  forms  the  top  of  the 
hill.  The  beds  in  which  the  deposit  lies  are  inclined  at  a 
high  angle,  and  it  is  not  surprising  that  its  true  nature  was 
for  long  an  object  of  keen  discussion.  The  fact  that  it  is  not 
a  veiu  is  proved  in  two  ways. 

1.  The  deposit  ia  not  symmetrically  formed  with  regard  to 
its  hanging  and  foot  walls  as  veins  usually  are,  but  consists 
of  the  following  series  : — 

e.  Fine.graiaiMi  miiture  of  galena,  rincUondB,  iron  pyrites,  and  barjtea 

neit  lianginj^  wall. 
b,  LaminiB  of  pyritea  and  galeos,  "melirto  Ene." 
a.   Coppor  and  icon  pyritaa,  with  aorao  nroenical  pyrites  roBtiug  on  pyritous 

■bale  of  foot  wall. 

2.  There  is  perfect  conformabHity  between  the  rock  and 
'  General  deBcriptions  of  the  Twions  ore  deposits  of  the  Han  are  given 

incidentally  by  Fon  Qroddeck  in  his  admirable  work,  "  Die  Lohro  von  deii 
LsgcntattoD  derEnc,"  Leipzig,  1879. 
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the  ore,  the  latter  partaking  of  all  the  cmmplinga  the  rock 
has  andergone,  and  no  evidence  of  a  faol^  fiBsuie,  or 
previously  existing  cavity,  in  which  the  ore  could  have  been 
deposited,  is  to  be  found. 

The  Bammelsberg  has  a  height  above  the  sea  of  2076  feet 
(633  m.),  and  is  seen  tmm  Goslar  as  a  bold  ronnded  moun- 
tain mass  which  overlooks  the  plain  from  an  altitude  of 
about  1200  feet  The  summit  is  clothed  with  pioea,  bat  the 
here  front  of  the  hill  is  covered  with  long  slopes  of  d/brii 
from  the  months  of  the  shafts  and  levels  inside.  The  lower 
half  of  the  hill  consists  of  the  Goslar  shale  series  whieh  dips 
S.K  at  40°  to  55° ;  higher  up  comes  a  thin  bed  of  calceola 
shales  which  are  covered  by  the  Spirifer  Sandstone,  of 
which  tlie  top  of  the  hill  is  composed.  The  on  depoeit 
has  been  disclosed  to  a  depth  of  nearly  1000  feet,  and  a 
longitudinal  distance  of  1400  yards.  It  sometimes  reaches 
a  thickness  of  about  65  feet,  hut  at  one  place  it  senda 
off  a  bi^-like  branch  produced  apparently  by  the  intense 
lateral  pressure  buckling  together  a  part  of  the  depodti 
and  here  it  has  a  breadth  of  100  feet  (See  Section 
No.  5.) 

The  copper  ore  of  the  Bammelsberg  has  been  mined  sinoe 
the  year  968  or  972,  and  was  supposed  to  be  nearly  ex- 
hausted some  years  ago  when  a  new  portion  of  the  deposit 
was  found,  which  is  now  being  vigorously  worked.  The  old 
workings  contain  a  great  many  secondary  minerals,  being 
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workings  coated  over  with  stalactic  crusts  of  these  beautiful 
minerals,  aud  was  nearly  stifled  with  the  heat  produced  by  tlie 
decomposition  going  on, 

(2.)  Ked  ironstone  of  Elbingerode.  Between  the  diabase 
tuff  and  clayalates  of  the  Middle  Devonian  rocks  in  the 
Elbingerode  basin,  there  is  a  lenticular  deposit  of  nearly  100 
feet  thick,  and  disclosed  to  a  length  of  4  kilos,  consisting  of 
siliceous  and  calcareous  hiematite  (FejO,),  spathic  ironstone 
(FeCOj),  and  some  magnetic  iron  ore  (^efi,).  Another  deposit 
of  calcareous  ironstone  occurs  entirely  embedded  in  the  tuff. 
It  is  mined  chiefiy  at  Lerbach,  between  Clausthal  and 
Osterode.  Ked  ironstone  also  occurs  on  the  Upper  Harz, 
along  with  the  diabase  and  tuff  on  the  same  horizon.  It  is 
very  siliceous  at  places,  and  occurs  along  with  small 
quantities  of  spathic  ironstone. 

Permian. — (3.)  The  celebrated  Knpferachiefer  of  Mansfeld 
has  already  been  alluded  to.  It  is  simply  a  bituminous 
shale  bed,  with  an  average  thickness  of  18  inches,  contain- 
ing little  particles  of  the  following  ores: — copper  pyrites, 
erubescite,  iron  pyrites,  galena,  silverglance,  zincblende, 
kapfernickel,  and  smaltine.  The  middle  of  the  seam  is 
by  far  the  richest  part,  and  has  a  peculiar  appearance,  which 
makes  it  easily  recognisable  by  those  who  work  it.  The 
shale  contains  a  fish  fauna  represented  almost  exclu- 
sively by  the  single  species  Paltconiscus  IVeiedebeni. 
Platysomus  occurs  rarely  in  this  district.  The  seam  is 
much  faulted  at  places,  and  in  the  irregular  fissures  thua 
foi-med  veins  of  various  silver,  copper,  cobalt,  and  nickel 
ores  are  found,  occasionally  in  workable  quantity.  These 
deposits  are  evidently  derived  from  the  solution  of  minerals 
in  the  seam. 

The  following  analyses  show  the  composition  of  the  shale 
at  different  parts  of  the  basin.' 

■  An  el&borato  account  of  the  mmos,  statiatica,  and  geologjr  ut  tbe  MiiDsfeld 
district  was  publisbed  in  18S1,  entitled,  "Der  UuuTeld  Euprerachicrec 
Burgbau,"  frgin  wliicli  ttiese  aualysoaare  taken. 
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Zn.,  Pb.,  He,  NL,  fc  Co.  not  datormliMd. 
Juraanc. — (4.)  At  Harzburg  four  beds  of  foeailifennu 
oolitic  brown  ironatone  (Fe,0,  H,0}  occur  in  the  Ammonites 
Bucklandi  beds  of  the  Lower  Lias,  which  is  here  inverted  at 
an  angle  of  60°.  They  have  an  aggregate  thicknesa  of  13} 
feet,  and  are  mined  for  the  ironworks  of  Horzhnr^ 

b.  Bubsequent  Deposita. 

A.  In  massive  rocks.  (1,)  At  Zorge  there  aie  vana  of 
haematite  in  the  diabase  which  rarely  pass  out  into  the  sur- 
rounding Kieselschiefer  and  greywocke.  The  ore  is  accompa- 
nied by  quartz,  brownspar,  calcspar,  etc.,  and  is  evidently 
derived  from  the  surrounding  rocks  out  of  which  the  inm 
has  been  paxtially  dissolved  and  redeposited  in  the  fisBures. 

(2.)  The  Permian  porphyrites  of  Ilfeld  are  traversed  fcy 
small  veins  of  Manganese  ores — Manganite  (Md,0, -i- H,0), 

rrolusite     (WuOJ,     Varvicite     (Mn.O,  +  H,0),     Braunite 
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mines  have  now  reached  a  depth  of  400  fathoms,  and  the  ore 
shows  no  signs  of  disappearing.  Those  of  St  Andreasbei^ 
are,  however,  nearly  exhausted,  and  although  considerably 
deeper  than  the  Clansthal  workings  there  ia  little  hope  for 
their  future  productiveness, 

The  Ciausthal  veins  contain  argentiferous  galena,  blende, 
and  copper  pyrites,  with  spathic  iron,  calcspar,  quartz  and 
barytes  as  veinstones.  Quartz  and  spathic  iron  occur  in  all 
the  veins  of  the  Ciausthal  plateau,  but  it  is  a  curious  fact 
that  calcspar  is  only  found  in  the  area  to  the  N.E.  of  the 
Innerste  valley,  while  barytes  is  confined  to  the  veins  tra- 
versing the  south-western  and  western  portions  of  the 
district. 

The  veins  are  all  in  fault  fissures  which  run  E.  and  W. 
through  the  Culm  strata,  and  usually  hade  to  south.  lu 
some  cases  the  downthrow  exceeds  100  fathoms.  The  ore  is 
distributed  in  the  veins  in  various  ways.  It  is  usually  in 
diagonal  bands  (Erzfalle),  which  slope  towards  the  west,  but 
occasionally  occurs  in  columns  or  vertical  ribs  running  paral- 
lel to  the  direction  of  hade.  Besides  the  minerals  just  men- 
tioned the  veins  contain  smaller  quantities  of  such  minerals 
as  dolomite  or  pearlspar,  iron  pyrites,  marcasite,fahlerz  or  grey- 
copper,  boumonite,  heteromorphite,  etc.  The  ores  are  usually 
richest  where  two  of  the  larger  veins  meet  and  merge  into 
one  another.  They  sometimes  reach  a  thickness  of  130  ft., 
and  generally  contain  a  considerable  quantity  of  fault  breccia 
made  up  of  fragments  of  the  adjacent  greywackes  and  shales. 
The  foot  wall  is,  as  a  rule,  sharply  defined  from  the  vein, 
but  the  banging  wall  is  usually  shattered  and  rough,  so  that 
the  exact  thickness  of  the  vein  cannot  always  be  accurately 
stated. 

The  Andreaaberg  veins  are  almost  all  situated  within  an 
area  resembling  a  very  obtuse  isosceles  triangle  with  a  base 
ftbout  4  kilos  in  length.  Two  sides  of  the  triangle  are  barren 
fault  fissures  (faule  Kuscheln),  full  of  fragments  of  clayslata 
and  shale,  with  a  southerly  hade,  and  a  breadth  sometimes 

I  reaching  200  feet.     None  of  the  silver  veins  pass  out  of  the 

I  area  thus  enclosed.     All  the  outsiders  are  base,  containing 

I  only  copper  pyrites  and  ironstone. 
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The  silver  veins  are  very  thin,  seldom  exceeding  half  a 
yard  m  tbickneas.  They  run  in  two  directions,  speaking 
roughly.  Tlie  Erst  Bet  consisting  of  several  veins  has  an 
average  strike  of  E.  60°  S.,  and  a  steep  bade  to  K.E,,  while  the 
two  veins  of  the  second  system  run  approximately  K  16°  S., 
and  hade  to  N.  at  an  angle  of  60°  to  85°. 

In  the  network  of  veins  thus  formed  are  fonnd  the  many 
rare  and  valuable  minerals  for  which  Andreasberg  has  so  long 
been  famous.  The  silver  veins  are  filled  chie6y  with  torhid 
white  calcspar  containing  grains,  strings,  and  nests  of  quartz, 
and  occasionally  iluor,  while  splendid  drosy  cavities  with 
crystallised  calcite  and  zeolites  are  often  disclosed.  Galena, 
blende,  native  arsenic,  mby  silver  (Ag,SbS^,  antimony, 
silver,  arsenic  silver,  silverglance  (Ag,S),  speisscobalt 
(siualtine),  breithauptite  (Xi  Sb),  and  kupfemickel  (Ni  Aa), 
are  some  of  the  more  valuable  metallic  minerals  item  the 
Andreaabeig  veins. 

(4)  The  great  Devonian  limestone  boss  of  the  Iberg  and 
Winterberg  at  Orund  is  at  places  quite  honeycombed  with 
fissures  and  cavities,  some  of  which  contain  spathic  iionatone 
in  workable  quantities.  The  carbonate  is  often  decompoeed 
into  brown  ironstone,  and  is  accompanied  by  quarts  caldte^ 
borytes,  malachite,  and  wad.  Barytes  is  absent  whnre  the 
ironstone  is  richest  The  limestone  is  also  traversed  by  an 
argentiferous  galena  vein  containing  copper  pyrites,  spathic 
iron,  calcspar,  etc. 
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The  oldest  rocks  are  greywackes  of  moderately  coarse  graio, 
then  come  the  clayslates,  calcareous  and  siliceous  beds  of 
the  Wiederschiefer  group,  which  are  covered  by  the  sandstones 
and  quartzites  at  the  base  of  the  Devonian  series.  Next 
cornea  a  series  of  shales,  greywackes,  and  occasional  lime- 
stone beds,  ending  in  the  great  Upper  Devonian  limestone 
mass  of  the  Ibei^  and  Winterbei^  at  Grund.  The  overlying 
Culm  measures  begin  with  shales  and  pass  into  greywacke, 
the  highest  beds  of  which  are  very  coarse  and  conglomeratic. 

There  must  thus  have  been  a  gradual  shallowing  of  the 
sea  and  an  approach  to  land  in  this  area  towards  the  close  of 
the  Lower  Carboniferous  age.  The  remains  of  land  plants  in 
the  Culm  tell  the  same  tale,  as  they  are  found  in  greatest 
abundance  in  the  higher  beds  but  scarcely  ever  occur  in  the 
underlying  shales. 

The  ancient  land  irom  which  the  components  of  the  Culm 
are  derived  was  probably  a  metamorphic  clayslate  area  with 
many  beds  of  splintery  quartzite,  and  pierced  by  dykes  and 
bosses  of  granite  and  quartz-porphyry,  whose  fragments  now 
make  up  the  conglomerate  at  the  top  of  the  series.  In  Silesia 
and  sometimes  in  Thuringia  the  pebbles  in  the  Culm  grey- 
wackes can  be  traced  to  old  rocks  in  the  neighbourhood,  but 
the  parent  rock  of  the  Harz  pebbles  is  neither  to  be  found  on 
older  parts  of  the  Harz  itself  nor  in  any  of  the  surrounding 
ranges,  nor  are  the  pebbles  ever  again  seen  in  the  newer 
conglomerates  which  flank  the  hills.  There  must  therefore 
have  been  a  complete  submergence  of  this  part  of  the  old 
continent  during  the  Coal-measure  period.  It  then  became 
covered  up,  and  has  not  again  been  exposed  by  denudation. 
The  very  same  kinds  of  pebbles  as  are  found  in  the  conglome- 
rate of  Grund  occur  also  in  the  Culm  conglomerate  of  Wal- 
deck,  halfway  between  the  Harz  Mountains  and  Bonn  on  the 
Rhine,  so  that  it  is  not  improbable  the  shore  of  the  sunken 
district  may  have  extended  westwards  in  that  direction.' 

2.  Paleozoic  Volcanic  Action, 
Lossen's  map  shows  abundant  patches  of  diabase  distributed 
Vide  T.  Groddsck,  Jabrb.  d.  1c.  pr.  gaol.  lAndeaanst.,  1S82,  pp.  BE,  S6  ; 
olao  E.  Kajicr,  Neuce  Jshib.,  1884,  footDOto,  p.  SG. 
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over  many  parts  of  the  Harz.  Sotae  of  it  is  distinctly  inter- 
bedded  with  the  Devoniiin  rockB,  but  it  is  equally  certain 
that  perhaps  much  laorc  is  intrusive,  and  bence  of  later  date 
than  tlie  strata  immediately  surrounding  it  There  can,  how- 
ever, be  little  doubt  that  it  is  all  older  than  the  granite,  and 
has  either  been  poured  out  over  the  surface  or  injected  into 
the  underlying  beds  at  some  part  of  the  Devonian  or  Lower 
Carboniferous  period. 

A.  InUrbtdded  Diabases. — Diabase  of  unmistakable  aub- 
aerial  origin  occurs  at  two  places  on  the  Uarz  interstratified 
with  Middle  Devonian  "  Stringocephalus  beds."  (1.)  It 
stretches  in  a  long  narrow  band  ("  Diabaszug  ")  from  Osteiode 
north-eastwards  to  Altenau,  where  it  thins  out  and  seenia  to 
disappear.  It  is  here  highly  inclined,  and,  dipping  to  the 
soutli-east,  rests  on  a  thiu  band  of  Goslor  shales,  against  which 
the  Culm  greywacke  appears  to  have  been  brought  down  by 
a  fault.  (2.)  The  other  interbedded  diabase  occupies  a  well 
defined  area  in  the  Elbingerode  basin,  about  13  kilos  in 
length  from  east  to  west,  and  5  kilos  in  breadth.  Both 
volcanic  rucks  are  associated  with  beds  of  tuff  (Schalsteis) 
and  workable  hematite,  and  are  slaggy  and  amygdaloidal  on 
their  upper  surfaces.  The  strata  below  these  diabases  ue 
but  slightly,  if  at  all,  altered,  and  there  appeals  to  be  no  sign 
of  metamorphism  in  the  fossiliferoua  shales  and  tuff  beds 
between  the  different  sheets. 

B.  Intrusive  Diabwses. — The  other  diabases  are  divided  by 
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the  Iiorizon  has  been  named  the  "  zone  of  the  granular 
diabasea."  This  fact  might  lead  to  the  supposition  that  they 
are  interbedded  sheets,  but  the  evidence  seems  to  point  to 
their  having  never  reached  the  surface,  but  having  been 
injected  into  the  sedimentary  strata  either  as  stock-lika 
hossea  or  else  aa  sheets  nearly  coincident  with  the  bedding 
planes.  In  this  latter  respect  they  may  resemble  the  great 
Whin  Sill  of  Northumberland,  which  was  once  believed  to 
be  a  true  interbedded  rock  because  it  remains  for  considerable 
distances  in  the  same  geological  position.'  A  still  better 
example  might  be  cited  in  the  great  diabase  sheet  which 
extends  from  the  East  Neuk  of  Fife  westwards  through  the 
Lomonds  and  Cleish  Hills,  then  reappeara  in  the  Abbey 
Craig  at  Stirling,  and  continues  on  to  l^ilayth,  always 
remaining  on  the  horizon  of  the  Hurlet  or  "  Carboniferous  " 
Limestone.  The  distance  between  the  east  end  of  Fife  and 
Kilsyth  is  over  50  miles — equal  to  the  whole  length  of  the 
Harz — and  the  Geological  Survey  have  ascertained  that  the 
diabase  tiiroughout  ita  wliole  extent  is  a  distinctly  intrusive 
sheet. 

The  facts  which  point  to  the  intrusive  character  of  these 
diabases  are  as  foUows ; 

1.  Want  of  Continuity. — Had  all  the  little  spots  of  diabase 
been  parts  of  great  interbedded  sheets  they  would  have  had 
a  more  or  less  continuous  outcrop  like  the  contemporaneous 
diabases  of  Elbiagerode  or  the  Upper  Harz. 

2.  Absence  of  Tnff. — There  is  no  tuff  associated  with  any 
of  these  diabases  as  there  is  with  the  others,  as  well  as  with 
the  Permian  volcanic  rocks  at  Ilfeld  and  Manafeld.  The 
absence  of  tuff — always  a  sure  indication  of  subaerial  origin 
— is,  however,  only  of  significant  and  not  of  vital  import. 

3.  Contact  Metamorphism. — The  intense  alteration  in  the 
sedimentary  rocks  surrounding  most  of  these  diabases  is 
direct  proof  of  their  intrusive  character.  Lava  streams  pro- 
duce in  general  very  httle  alteration  even  on  the  beds  over 
which  they  flow.      Lyell   tells  of  a  lava   stream   on   Etna 

'  Seopaperby  MoBSraTopleyBiidLeboiir  "On  the  Intrusive  Character  of  the 
Whin  Sill  of  Northumborliind"  (Quart.  Journ.  Gaol.  Soc.,  vol.  miii.,  1877, 
p.  406). 
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beneath  which  a  mass  of  ice,  instead  of  being  melted,  has 
been  kept  imprisoned  by  the  overflowing  mdten  mass ;  and 
a  case  has  been  observed  in  the  coalfield  of  Botxowstonnneea* 
on  the  Forth,  18  miles  west  of  Edinburgh,  in  which  a  coal 
seam,  9-}  feet  in  thickness,  was  fonnd  in  a  perfectly  onaltered 
condition  between  two  sheets  of  contempotaneons  carboni- 
ferous basalt,  the  overlying  one  having  a  thioknesa  of  138 
feet  The  heat  required  to  produce  the  oontaob  meta- 
morphism  around  the  Harz  diabases  must  have  been  much 
greater  than  that  afforded  by  a  contemporaneous  lava,  which 
would  cool  comparatively  fast,  and  give  off  the  greater  part 
of  its  heat  to  the  surrounding  air  or  water.  An  intnisiTe 
rock  would,  on  the  other  hand,  remain  hot  for  a  very  much 
longer  period,  and  could  only  port  with  its  heat  through  the 
surrounding  rock,  an  equal  quantity  being  given  off  on  all 
sides.  Some  of  the  spots  of  diabase  may  be  sections  of  necks 
or  pipes  up  which  molten  matter  continned  to  rise  till  it 
reached  a  height  at  which  the  superincumbent  weight  of 
rock  was  small  enough  to  allow  the  diabase  to  spread  out 
laterally  in  the  form  of  a  so-called  "  laccolite."  The  alterft- 
tion  produced  around  such  a  canal  would  necessarily  be 
much  greater  than  that  in  the  neighbourhood  of  s  simple 
dyke  or  stock,  as  the  continuous  welling  up  of  molten  matter 
would  keep  the  temperature  of  the  sides  of  the  pipe  at  s 
great  height  till  the  current  began  to  slacken  and  the  diabase 
magma  to  solidify. 
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haa  been  very  intense  at  that  locality,  and  in  addition  to 
altered  slates  several  new  minerals,  including  acUnoUte  and 
axinite,  have  been  originated.  Contact  metamorphism  is  also 
developed  around  the  granular  diabase  at  St  Andi'easberg, 
and  Credner'a  description  of  its  geometrical  relations  as  dis- 
closed by  mining  distinctly  shows  it  to  be  intrusive. 

5.  A  smooth  coTitad  surface  between  the  two  rocks  is  of 
itself  almost  sufficient  to  establish  the  intrusive  character  of 
the  diabase.  A  lava  stream  has  roiigh  and  alaggy  upper  and 
under  surfaces,  and  not  smooth  and  sharply  delined  bounding 
planes  like  those  seen  at  many  places  between  the  diabase 
and  the  sedimentary  rocks.  The  mere  confonnability  of  a 
massive  rock  to  the  strata  surrounding  it  is  not  necessarily 
a  proof  of  its  contemporaneity  unless  the  upper  and  under 
edges  be  rough  and  acorlaceous  like  those  of  a  true  lava 
stream. 

The  same  considerations  apply  generally  to  the  diabases 
which  abound  among  the  Lower  Devonian  rocks  in  the 
southern  parts  of  the  Harz,  and  extend  from  Stiege,  east- 
wards past  Benneckenstein  to  the  vicinity  of  Sachsa,  and 
southwards  to  the  border  of  the  range  near  Kodishayn,  There 
is  here  no  tutf,  the  surrounding  rocks  are  metamorphosed  into 
the  green  shales  described  above,  and  what  is  still  more  con- 
clusive, the  diabase  patches  are  shown  on  the  map  to  cross 
from  one  horizon  to  another  without  regarding  the  strike  of 
the  sedimentary  strata. 

(2.)  The  diabase  in  the  Goslar  shales  of  the  Upper  Harz 
occurs  chietly  in  isolated  patches  on  the  hills  between  Gos- 
lar and  the  valley  of  the  Innerste.  It  appears  protruding 
through  the  soil  at  several  places,  and  forms  an  oval  cap  to 
the  Steinberg,  a  hill  which  overlooks  Goslar  from  the  west, 
and  has  a  height  of  about  1460  ft.  There  can  be  little  doubt 
that  all  the  diabase  in  this  district  is  also  intrusive,  as  it  does 
not  conform  to  the  strike  of  the  shales,  but  rises  irregularly 
through  them.  A  fine  section  is  exposed  in  a  newly  made 
cutting  for  a  forest  road  along  the  western  side  of  the  Konigs- 
berg,  which  forms  the  south-western  shoulder  of  the  Steinberg. 
The  section  is  at  a  bend  in  the  road  near  the  top  of  the  hill, 
which  commands  a  fine  view  over  the  wooded  valley  between 
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the  Lutjc  Berg  and  the  Nordberg.  For  a  distance  of  about 
100  yards,  the  shales  which  dip  S.E.  at  about  30°  are  cnt 
across  and  sometimes  completely  sDnoaoded  by  the  diabase, 
dykes  and  stock-like  masses  of  which  rise  vertically  ot 
dil^;onally  through  them,  sending  out  "  apophysen "  and 
hardening  the  strata  at  the  contact  edges. 

The  accompanying  sketch  section  (Fig.  1)  shows  the  re- 
lation of  the  diabase  to  the  shales  at  one  of  the  most  ohanc* 
teristic  parts  of  the  exposure.  Murchison  and  Sedgwick  also 
give  a  section  in  which  the  diabase  is  seen  rising  vertioally 
through  the  shales  of  the  Nordberg.  The  shales  are  alightily 
inclined,  and  are  here  as  on  some  parts  of  the  Steinberg 
cleaved  and  converted  into  good  roofii^  slates,  which  are 
largely  quarried  at  different  places  loond  the  base  of  the 
hills. 

Another  section  of  intrusive  diabase  is  seen  at  the  Tenfels 
Ecke  in  the  Innerste  Valley  below  Lautenthol,  at  a  point 
where  the  road  has  been  cut  into  the  Upper  Devonian 
Kramenzelkalk  beds  to  make  room  for  the  railway.  The 
diabase  is  here  very  pyritous  and  weathers  brown  with  a 
yellow  efflorescence.  It  runs  through  the  Devonian  beds  in 
veins  whose  presence  can  sometimes  only  be  detected  on 
careful  inspection,  as  they  are  often  not  more  than  one  or 
two  inches  in  thickness.  The  whole  section  is  abont  20 
yards  in  length. 

The  last  case  of  intrusive  diabase  to  be  noticed  is  at  the 
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were  being  poured  out  over  the  surface  as  subaerial  eheeta, 
and,  like  the  intrusive  bosses  and  sheets  of  diabase  piercing 
the  Lower  Carboniferous  rocks  round  Ediubui^h,  tliey  may 
fairly  be  considered  to  belong  to  the  same  period  of  volcanic 
activity  as  the  interbedded  masses  above.^ 


3.  First  Upheaval  op  the  Habz. 

The  roelca  forming  the  core  of  the  mountains  were,  as  we 
have  seen,  deposited  without  upheavals  or  other  interruption, 
from  the  basement  of  the  Devonian  to  the  top  of  tlie  Culm 
measures.  The  area  in  which  the  Culm  was  deposited 
gradually  approached  the  old  coast-line  and  the  water  became 
shallow,  but  deposition  was  at  last  arrested  by  a  vast  disturb- 
ance which  affected  the  whole  region,  and  threw  the  newly 
formed  rocks  into  a  series  of  sharply  folded  troughs  and 
arches. 

The  same  disturbance  appears  to  have  folded  the  older 
rocks  of  the  Rhenish  provinces  which  strike  in  a  similar 
direction,  i.e.,  N.E.  or  N.E.  by  E.  This  is  the  general  strike 
of  the  rocks  of  the  Upper  Harz,  which  are  most  intensely 
folded  to  the  east  of  Clausthal,  but  towards  the  west  the 
undulations  flatten  out  until  between  Seesen  and  Langel- 
sheim  the  beds  become  neariy  horizontal. 

The  strike  of  the  Hercynian  rocks  of  the  Lower  Harz  is 
less  uniform.  These  form,  as  shown  on  the  map,  an  anticline 
which  trends  normally  from  Herzberg  through  the  granite  of 
the  Brocken  to  Wernigerode.  A  second  anticline  extends 
from  Lauterberg  nortli-eastwards  to  Andreasberg,  then  swings 
round  and  runs  eastwards  past  Hasselfelde  to  the  neighbour- 
hood of  Harzgerode,  where  it  bends  northwards,  and  passes 
out  of  the  paliBozoic  area  at  Gemrode. 

4.  Ikrdption  of  the  Ghanite. 
The  great  changes  just  described  were  followed  by  the 
'  I  ehould  not  havu  gone  into  ancli  detail  over  this  point  had  tbere  not  been 
reuoD  to  Bnppoae  that  somii  o!  the  reallf  intrusive  diabasfa  are  regarilej 
■a  beiog  interbedded  b;  several  writers  on  the  Harz.  Eayaer,  e.g.,  in  tiia 
viluftblo  and  interestiug  paper  on  tlia  ajatom  of  taulta  around  Andrensberg, 
amerta  that  the  diabaaee  of  that  district  "  ar«  not  dyke  or  atock-like  maaHes 
but — Uka  all  Han  diabaaea — interbedded  abeets  [erUjiCiiw  Lager]." 
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irraption  of  a  huge  mass  of  granite,  afUr  the  neka  had 
receired  their  present  Dorth-easterly  strike,  dnce  there  is  no 
distinct  evidence  of  the  main  festurea  of  the  strike  haring 
been  prodnced  by  this  intrusion.  The  granite  at  some  plaoea 
cuts  right  across  the  upturned  edges  of  the  Colm  and  Deyonian 
strata  without  producing  any  deviation  in  their  trend. 

The  granite  of  the  Brocken  was  regarded  as  the  founda- 
tion of  the  geological  series  by  the  older  geologiHtB  of  the 
Wemerian  school.  When  Mnrchison  first  visited  the  Han 
in  1829  he  was  surprised  to  find,  that  instead  of  being  the 
oldest,  the  granite  was  the  latest  of  the  core  rocks  tiuon^ 
which  it  had  been  forced.  He  also  subsequently  ledooed 
the  so-called  "  Transition  series  "  of  the  Harz  to  order,  show- 
ing that  much  of  the  supposed  very  ancient  greywacke.waa 
of  no  greater  antiquity  than  the  Cnlm  measures  of  Devon, 
and  that  many  of  the  slatey  rocks  belonged  to  the  nndar- 
lying  formation  which  he  had  just  named  "Devonian." 

6.  DeHDDATION  of  the  AlTCIKNT   HA.KZ. 

After  the  first  upheaval,  denudation  began  its  work,  and 
the  products  of  erosion  were  carried  sway  and  deposited 
in  the  nearest  sea  bottom.  Boiled  pieces  of  the  Harcynian 
rocks  are  found  in  the  Coal-measure  and  Permian  deposits 
on  the  flanks  of  the  Harz,  but  why  is  granite,  which  has 
such  a  prominent  place  among  the  rocks  of  the  Hare,  con- 
spicuous by  its  absence  from  these  deposits  1    Was  it  per- 
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and  as  there  ii 


atos 


o  suppose  that  all  the  fisaurea  ninning 
parallel  to  the  present  edge  of  the  Harz  are  of  the  same  age, 
it  follows  that  these  fissures  were  in  existence  before  the 
quartz-porphyries  of  the  Rothliegendes  period  were  erupted. 
The  fissures  must  thus  be  of  Carboniferous  age,  as  they  were 
formed  between  the  great  Upheaval  and  the  Permian  period.' 
They  cross  the  Clausthal  plateau  from  west  to  east,  and 
although  not  known  to  be  quite  continuous,  are  represented 
by  the  system  of  fault  veins  which  Kayser  has  traced  across 
the  Bruchberg  to  the  Andreasberg  district.  These  faults  all 
cut  through  the  granite  wherever  it  comes  In  their  way,  and 
tbuB  prove  conclusively  that  it  too  is  of  Carboniferous  age. 
The  granite  must  have  been  quite  hard  and  crystalline 
when  the  faulting  took  place,  otherwise  the  fissures  could  not 
have  remained  open  for  the  passage  of  metallic  solutions. 

The  absence  of  granite  fragments  from  the  Carboniferous 
and  Permian  conglomerates  is  probably  due  to  the  fact  that 
the  granite  masses  at  that  time  lay  buried  underneath  sedi- 
mentary strata,  and  had  not  been  exposed  by  denudation 
when  the  whole  region  became  submerged. 

Fragments  of  the  Culm  rocks  are  also  unknown  in  the 
conglomerates  of  Ilfcld,  but  their  absence  is  no  proof  that  the 
Lower  Harz  was  never  covered  by  Lower  Carboniferous 
rocks.  The  highest  rocks  would  be  carried  off  first  and  de- 
posited in  the  deepest  parts  of  the  adjacent  sea  bed,  and  it 
Culm  strata  were  present  they  would  first  be  removed  from 
this  area.  The  eastern  portion,  if  not  the  whole  of  the 
ancient  Harz,  must  have  remained  above  sea-level  throughout 
the  greater  part  of  the  Coal-measure  period,  during  which  the 
Culm  may  have  been  completely  removed  and  laid  down, 
perhaps  at  a  great  distance  from  the  present  base  of  the 
mountains.  It  is  also  possible  that  the  Culm  may  not  have 
been  so  thick  in  the  eastern  area  as  on  the  Upper  Harz,  and 
may  have  been  eroded  away  comparatively  soon,  laying  bare 
the  underlying  Devonian  series,  the  greater  part  of  which 
was  also  denuded  off  before  the  Permian  period. 

The  preservation  of  the  Culm  of  the  Clausthal  plateau  is. 


'  E.   KajBor,   "Uibnr  dio  Qiiarzjiorplijte  der  Gegend  v 
Uan"  (Jahrb.  d.  k.  pr.  LaudesaUBt.,  1860,  p.  45], 
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no  doubt,  due  to  the  great  fanlta  by  which  it  has  probably 
beeo  thrown  down  below  the  plane  of  manne  denadation. 
The  Culm,  Middle  and  Upper  Devonian  beds  on  the  np- 
throw  Bide,  with  an  aggrcfjate  thickness  of  over  2500  fL,  have 
at  places  been  completely  removed,  laying  bare  the  lowest 
part  of  the  Devonian  formation. 

The  intrusive  diabases  of  the  Lower  Han  may  have  been 
connected  with  volcanic  rocks  interbedded  with  strata  of 
Middle  or  Upper  Devonian  i^e  at  many  other  places  besides 
Elbingerode.  Tliese  would  be  also  denuded  away  at  this 
period,  the  Elbingerode  beds  alone  being  left,  their  synclinal 
position  having  helped  to  preserve  them  from  aabaerial  a 


6.  Nkweb  PALiBOZOic  Period. 

The  later  phases  of  the  great  Palineozoic  age  were  character' 
ised  by  abundant  volcanic  action,  accompanied  by  several 
physical  changes  of  great  magnitude,  not  only  on  the  Han, 
but  over  Britain  and  many  other  pnrts  of  Europe. 

During  the  earlier  part  of  the  Permian  period  there  were 
volcanoa  in  both  the  Mansfeld  and  the  Ilfeld  districts,  from 
which  streams  of  basalt  and  showers  of  tuff  were  emitted. 
The  basalt  eruptions  ceased  after  a  time  at  both  places,  and 
the  volcanic  products  were  washed  about  by  the  waves  and 
rearranged  along  the  sea  floor,  or  were  covered  ap  by  sedi- 
mentary deposits.  At  Mansfeld  there  was  not  so  mach 
volcanic  action  during  the  remainder  of  the  Botbliegendes 
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kopf  and  the  border  of  the  range,  outliers  of  Zechstein  are 
seen  resting  on  the  old  rocka  themselves  without  any  red 
rocks  between,  which  proves  that  the  Permian  strata  had 
here  been  elevated  and  subjected  to  considerable  erosion  be- 
fore the  deposition  of  the  Zechstein.  The  case  in  which  the 
quartz-porphyry  dykes  run  along  lines  of  fissure  in  the  Her- 
cyuian  series  has  been  already  i-eferred  to.  These  dykes,  as 
well  as  the  fissures,  are  abruptly  truncated  by  the  Zechstein 
at  several  places,  so  that  the  interbedded  volcanic  rocks  which 
were  probably  connected  with  the  dykea  most  have  been 
completely  removed  before  the  Zechstein  began  to  form. 

Hercyniau  pebbles  occur  in  the  Zechstein,  proving  that  the 
Harz  was  not  completely  submerged  at  the  close  of  the 
Eotbliegendes  period.  During  that  long  period  of  subaerial 
denudation  the  great  series  of  red  rocks  at  Mansfeld  which 
Bometimea  exceeds  3000  ft  in  thickness  was  deposited.  It 
ia,  however,  unlikely  that  the  whole  of  the  region  now  known 
as  the  Harz  remained  bare  up  to  the  Zechstein  period,  for  it 
is  probable  that  the  eastern  end  of  the  area  between  Mans- 
feld and  Balleustedt  was  entirely  covered  by  the  red  rocks, 
outliers  of  which  have  been  left  at  Opperode  near  Ballen- 
stedt  and  at  Biesenrode  near  Mansfeld. 

During  the  Kothliegendes  period  the  Uarz  was  surrounded 
by  a  ferruginous  sea  in  which  there  was  little  life,  but 
when  the  Zechstein  age  began  an  abundant  fish  fauna  was 
introduced,  and  the  fine  mud  which  was  being  deposited  all 
round  the  southern  part  of  the  district  became  mbted  with 
particles  of  bituminous  matter  from  the  decomposing  organ- 
isms in  the  water.  Small  quantities  of  metallic  matter 
earned  in  suspension  or  solution  were  reduced  and  acted  on 
by  the  hydrosulphuric  acid  and  other  gases  evolved  during 
the  decomposition,  and  were  deposited  along  with  the  bitu- 
minous matter  and  clay,  chiefly  as  sulphides  of  the  respective 
metals.  The  richest  part  of  the  shale  contains  about  3  per 
cent  of  copper  and  j^jy  per  cent,  of  silver. 

Now,  the  question  suggests  itself,  where  did  these  metals 
come  from  ?  Salt  water  and  most  felspars  have  been  found 
to  contain  small  quantities  of  the  precious  metals,  and  when 
felspathic  rocks  are  eroded  away  their  metallic  ingredients 
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vill  be  set  free,  and  may,  nnder  reqnimte  oondition^  be 
precipitated  as  sulphides,  oxides,  or  carbonates  on  the  sea 
floor. 

There  ia  one  contemporaneoTis  metallio  depoait  still  in 
existence  among  tha  polfcozoic  rocka  at  the  BammelBbei^ 
It  is  also  possible  there  may  have  been  others  now  com- 
pletely denuded  away  along  with  most  of  the  Deronian 
rocks  of  tiie  Lower  Hars,  and  the  Kapferschiefer  of  MansCsld 
may  perhaps  be  partly  derived  from  their  destraction.  Tbia 
is  only  a  suggestion  to  account  for  the  richness  of  the  deposit 
at  this  locality.  The  seam  extends  over  a  very  wide  ana, 
but  is  not  valuable  enough  to  work  on  the  western  flank  <tf 
the  Harz  at  Osterode,  as  it  contains  too  little  of  the  silver 
from  which  the  profits  are  made.  It  ia  also  found  along 
the  borders  of  the  Thiiringer  Wald  under  the  same  con- 
ditions as  on  the  Harz,  so  that  over  the  great  area  brtween 
the  two  mountain  chains  there  most  have  been  a  large 
inland  basin  in  which  deposition  of  fine  sedlmetit  could  go 
on  in  uninterrupted  tnnquillity. 

7.  Mesozoic  Subhebokkcx. 
The  Zechstein  is  separated  geologically  by  a  wide  gnlf 
from  the  underlying  Bothliegendes  beds.  The  Upper  Zech- 
stein  rocks  bespeak  a  great  chsjige  in  the  conditiona  of 
deposition  around  the  Harz.  The  land  gradually  sank  and 
became  completely  submeiged,  as  no  more  pebbles  of  Palrao- 
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does  not  occur  in  the  immediate  neighbourhood  of  the 
southern  flanks,  but  is  found  lo  a  few  outliers  on  the  Ohm- 
gebirge  about  20  kilometres  S.  of  Herzbei^,  which  proves  that 
it  once  extended  for  a  certain  distance  between  the  Harz  and 
Thiiringer  Wald.  The  southern  region  has  been  elevated 
more  than  the  northern,  and  consequently  denudation  has 
there  proceeded  more  rapidly,  and  has  succeeded  in  carry- 
ing off  nearly  all  the  Cretaceous  and  a  large  part  of  the 
Triassic  formations. 


8.  Final  Upheaval  of  the  Harz  and  K,tfphauser. 
a.  The  Great  Faults. 

The  Mesozoic  formations  of  the  plain  are  abruptly  cut  off 
from  the  Palceozoic  core  rocks  by  an  irregular  line  extending 
along  the  uorthera  border  of  the  range  from  Langelaheim  to 
Ballenstedt.  The  edges  of  the  newer  rocks  are  in  many 
places  turned  up,  curled  back,  and  inverted  at  an  angle  of 
60°  or  70°,  thus  appearing  to  dip  beneath  the  Pulieozoic  series. 

That  there  is  along  this  line  a  great  fault  is  proved  by  the 
following  evidence : — 

1.  The  abruptness,  of  the  line  of  contact  and  steep  inclina- 
tion with  which  the  core  rocks  plunge  down  through  the 
Secondary  formations  of  the  plain.  Had  there  been  only  an 
unconformabihty  the  Pala:ozoic  series  would  have  sloped 
gradually  away  below  the  overlapping  Secondary  rocks  as 
along  the  southern  Harz  border. 

2.  GoTuxabnent  of  the  lowest  beds. — The  Zecbstein  occurs  as 
a  thin  band  between  Ballenstedt  and  Ilsenbui^  at  the  very 
edge  of  the  core  rocks,  in  the  usual  inverted  position ;  but 
farther  west,  between  Harzburg  and  Langelsheim,  it  is  con- 
cealed or  "  nipped  out,"  and  the  old  rocks  are  bounded  by 
the  overlying  Bunter  sandstone.  There  is  good  reason  to 
suppose  that  the  Zecbstein  is  present  here,  and  had  there 
been  an  unconformabllity  like  that  along  the  southern  edge 
of  the  Harz  it  would  have  been  cleai-ly  exposed. 

3.  Intersection  of  Different  fforizone. — The  old  rocks  cut 
across  the  strike  of  the  Secondary  formations  from  Zecbstein 
to  Cretaceous,  which  can  only  be  explained  by  a  fault. 
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4.  Tnvertion  0/  Strata. — Thu  is  a  most  convindiig  piece  of 
evidence  id  favour  of  a  powerful  fault  A  Bimilar  invenion 
occurs  along  tlie  fault  wliich  has  tilted  up  the  Edge  Coala  ob 
the  vest  side  of  the  Midlothian  Coalfield.  An  effective 
sketch  of  such  an  inversion  is  given  in  Geilde's  '  Text-book," 
fig.  252.' 

5.  Srine  springa  occurring  at  the  edge  of  the  Pabeoioic 
rocks  at  Harzburg  show  that  there  is  a  fissure  commnnicating 
with  the  groat  salt  bed  known  to  exist  below  the  l^iaasio 
rocks  of  the  plain. 

A  similar  fault  appears  to  bound  the  northern  edge  of  the 
KyfThiiuser.  The  gneiss  on  which  the  red  Fermian  beds 
forming  the  top  of  the  hill  are  seen  to  rest  has  apparently 
been  brought  up  against  the  Zechstein  and  Trias  in  the  way 
indicated  on  the  accompanying  section  (No.  2).  yeithar  of 
tliBse  faults  seems  to  have  been  noticed  by  previous  observen, 
as  no  indication  of  their  presence  is  given  on  any  geological 
map  which  I  have  seen. 

The  great  fault  of  the  Harz  appears  to  run  out  and  dis- 
appear towards  Langelsheim  ou  the  west  The  unconform- 
ability  of  the  Coal-measures  and  Permian  beds  upon  the 
upthrow  side  of  the  fault  near  Ballenstcdt  (shown  on  section 
Na  1)  resembles  the  unconformability  of  the  Old  Red  Sand- 
stone on  the  northern  side  of  the  great  Caledonian  fonlt 
between  Crieff  and  Cortacby  in  Forfarshire, 

The  horizontal  platform  of  Devonian  rocks  on  which  the 
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border,  but  to  avoid  exaggeration  let  us  say  2000  feet. 
The  great  fault  must  therefore  have  produced  at  this  locality 
a  relative  vertical  displacement  of  no  less  than  3000  feet 
— an  amount  probably  much  smaller  than  that  of  the  up- 
throw in  the  neighbourhood  of  Blankenburg,  Wemigerode, 
or  Ilsenburg,  where  the  maximum  effect  would  be  produced. 


b.  Character  of  the  UpheavaL 

The  upheaval  -which  gave  birth  to  the  Harz,  as  we  now 
know  it,  thua  took  place  very  simply.  During  the  eartli 
movements  which  affected  Europe  at  the  close  of  the 
Secondary  period,  a  great  corrugation  of  this  part  of  the 
earth's  crust  took  place  along  lines  running  approximately 
W.N.W.  and  RS.E.,  aa  shown  by  the  trend  of  the  Harz, 
Thuringer  WaM,  and  other  ranges,  and  by  the  dexures  of  the 
Mesozoic  strata  in  the  plains  between  tbeni. 

The  final  upheaval  of  the  Harz  was  a  process  of  quiet 
elevation  of  the  area  en  masse,  and  quite  different  in  character 
from  the  first  upheaval  in  the  Carboniferous  period.  The 
metallic  veins  formed  before  the  emergence  of  the  modern 
Harz  appear  to  have  remained  undisturbed  during  the  up- 
heaval, and  there  is  no  evidence  of  any  folding  or  relative 
shifting  of  the  core  rocks  having  accompanied  it.  The  last 
upheaving  force  here  acted  in  a  direction  nearly  at  right 
angles  to  that  of  the  first,  and  was  less  violent  in  the  local 
folding  it  produced,  but  was  felt  over  a  much  larger  part  of 
the  European  area. 

In  the  region  now  known  aa  the  Harz  a  great  swelling  up 
of  the  earth's  crust  took  place.  A  line  of  weakness  running 
along  the  northern  side  of  the  district  gave  local  relief  to 
the  pressure  from  below,  and  allowed  the  whole  area  to  rise 
like  a  huge  trap  door  on  a  level  stage,  hinged  at  the  south, 
and  free  to  open  upwards  on  the  north.  The  Mesozoic  rocks 
oo  the  south  side  of  the  dislocation  would  be  quietly  elevated 
on  the  back  of  the  Palajozoic  mass  beneath.  On  the  north 
side  they  remained  stationary  or  sank  downwards,  but  were 
bent  up  and  curled  backwards  along  the  line  of  fracture  by 
a  pressure  like  that  produced  by  a  great  wedge  driven  up- 
wards from  below, 

VOL.  VIII,  R 
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A  faolt,  however  powerful,  could  scaicely  have  prodnoed 
as  inversion  to  tlie  extent  of  60°.  It  seemB  probable  that 
the  fault  only  tilted  the  beds  on  end,  and  pushing  them 
slightly  over  the  vertical,  left  gravitation  to  finish  the  iitver> 
aion  by  causing  them  to  sink  backwards  on  themselves  till 
they  came  to  rest  at  their  present  inclination.  The  inversion 
is  not  always  so  regular  aa  the  accompanying  sections  indi- 
cate. In  an  excavation  to  the  W.  of  Goslar,  where  material 
for  a  railway  embankment  was  being  excavated  in  SepL 
1882,  the  marls  and  limestone  beds  of  the  Kenper  and 
Muschelkalk  were  seen  bent  sharply  over  thus  <,  the  beds 
represented  by  tlie  upper .  limb  of  the  figure  dipping  in 
towards  the  Harz  at  40°  to  60°,  and  those  below  dipping 
away  from  the  mountains  at  50°.  This  sharp  inversion  may 
have  been  produced  by  tlie  falling  back  of  the  beds  in  the 
way  indicated.  The  inverted  marls  were  at  places  mnoh 
crushed  and  contorted. 

Murchison  was  inclined  to  consider  the  granite  as  tiie 
upheaving  agent,  but  from  what  has  been  said  it  will  be 
evident  that  the  granite  and  the  upheaval  can  have  bad 
no  immediate  connection. 

9.  Denudation  and  Aoe  of  the  Uodkrn  Uabt 

A.  Denudation. — The  fact  that  no  traces  of  the  Mesonio 

rocks  are  to  be  found  on  the  Harz  is  no  proof  whatever  that 

they  did  not  once  completely  cover  that  area.    The  upheaval 
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denudation  of  the  Scottish  Highlauds  has  been  so  great  since 
the  Miocene  period,  how  much  greater  must  have  been  the 
denudation  of  the  Harz  since  the  end  of  the  Oretacemis  period. 
There  has  been  abundance  of  time  for  the  removal,  not  only 
of  the  Secondary  formations  which  covered  most  of  the  Harz 
to  a  depth  of  perhaps  2000  or  3000  feet,  but  also  of  some  of  the 
underlying  core  rocks.  The  granite  of  the  Brocken  was  not 
laid  bare  when  the  final  submergence  took  place  as  we  have 
seen,  and  its  present  exposure  is  due  to  the  last  denudation 
subsequent  to  the  removal  of  the  Mesozoie  covering. 

The  fact  of  the  Senonian  rocks  resting  unconformably  on  the 
upturned  edges  of  the  Turoniaii  and  underlying  Jurassic  and 
Triaaaic  rocks  near  Groslar,  as  shown  on  section  No.  3,  proves 
that  the  final  upheaval  began  befoi-e  the  end  of  the  Cretaceous 
period.  The  inversion  must  have  accompanied  the  first 
stage  of  upheaval,  and  if  tlie  sections  are  correctly  inter- 
preted there  must  have  been  a  period  during  which  the 
upturned  and  shattered  sti-ata  were  laid  bare  and  exposed 
to  subaerial  denudation  before  the  Senonian  beds  were  de- 
posited. Evidence  of  the  upheaval  and  denudation  of  Pre- 
cretacoous  Secondary  rocks  exists  at  other  parts  of  Germany. 
At  Peine,  in  Hanover,  for  example,  there  is  at  the  base  of 
the  Senonian  series  a  great  deposit  of  lirnonite  pebbles  con- 
taining Liassic  fossils.^  Precisely  similar  pebbles  occur  in 
theNeocomian  "Hilaconglomerate"  along  the  northern  border 
of  the  Harz,  which  points  to  a  disturbance  having  occurred 
80  early  as  the  beginning  of  the  Cretaceoiis  period  at  this 
locality.  The  Senonian  series  contains,  in  adtlition  to  lime- 
atones  and  marls,  limestone  conglomerates  in  the  district 
between  Harzbui^  and  Langelsheim,  while  towards  the  east 
a  great  development  of  sandstone  takes  placa  Although  no 
Jurassic  fossils  have,  to  my  knowledge,  been  found  in  the 
Senonian  group  at  either  district,  it  seems  possible  that  these 
fragmental  beds  may  be  partly  derived  from  the  waste  of 
the  Secondary  formations  in  course  of  slow  elevation  along 
the  southern  side  of  the  dislocation.  The  upheaval  may  have 
gone  on  locally  and  irregularly  at  first,  but  seems  not  to 
have  been  great  enough  to  raise  the  Palfeozoic  rocks  above 
1  See  von  Qroddeck,  "  ErzlKgerstiittaulshra,"  pp.  205,  289. 
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sea-level  till  tlie  end  of  the  Senonian  period,  when  iha  v^eU 
sea  floor  was  laid  bare,  and  all  further  deposition  arrested. 

There  appears  to  bo  no  evidence  of  post-cretaoeoua  aab- 
mergence  in  this  district,  and  it  is  difficnlt  to  determine  the 
date  at  which  the  upheaval  ceased.  The  moat  important  re- 
presentative of  the  Tertiary  deposits  is  the  Oligocene  Brown 
Coal  which  occars  in  depressions  at  variooa  places  on  and 
nroand  the  Harz.  A  bed  of  workable  brown  coal,  50  feet  in 
thickness,  occupies  a  bay-like  hollow  in  the  core  rocks  im- 
mediately adjoining  the  line  of  fanit  at  Wienrode  between 
Thale  and  Blankenburg.  The  coal  appears  to  croea  the  line 
of  dislocation,  and  rest  on  the  nptnmed  edgea  of  the  Zech- 
stein  and  Eed  Bunter  sandstone  in  a  way  which  seems 
clearly  to  show  that  the  upward  movement  had  entirely 
ceased  before  the  agencies  of  denudation  had  hollowed  out 
the  depression  subsequently  filled  up  by  the  vegetable 
deposit. 

10.  Recapitulation. 
The  area  now  occupied  by  the  Harz  Mountains  was,  during 
the  Palreozoic  period,  a  portion  of  the  great  sea  in  which  the 
Silurian,  Devonian,  and  Lower  Carboniferous  rocks  of  Central 
Europe  were  deposited.  Tlie  iiltematinf;  greywackes,  sand- 
stones, shales,  and  limestones,  witli  their  accompanying 
fossils,  indicate  changes  in  tlie  depth  and  condition  of  the 
water,  but  form  throughout  a  perfectly  conformable  series. 
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products  of  erosion  were  deposited  in  the  adjacent  sea,  and 
are  found  in  the  Coal-measure  and  Lower  Permian  con- 
glomerates which  overlap  the  borders  of  the  range.  Volcanic 
action  was  rife,  and  basalts,  porphyrites.  and  quartz-porphyriea 
were  erupted  along  the  southern  ilanks  of  the  district,  while 
the  old  palieozotc  core  was  invaded  by  dykes  emanating  from 
the  volcanic  centres. 

The  volcanos  became  extinct,  and  submergence  began  at 
the  end  of  the  Lower  Permian  period.  The  highest  of  the 
shore  conglomerates  underlies  the  Kupferachiefer  seam  of 
Mansfeld,  which  was  deposited  at  the  beginning  of  the 
Zecbstein  period,  in  a  great  inland  lake  extending  from  the 
Harz  southwards  to  the  base  of  the  Thiiringer  Wald  in 
Saxony.  The  area  remained  submerged  below  the  sea  in 
which  the  Triassic,  Jurassic,  and  Cretaceous  formations  of 
the  surrounding  plain  were  being  laid  down. 

Signs  of  earth  movement  began  to  appear  during  the 
Cretaceous  period.  The  sea-bed  was  thrown  into  undulations 
with  an  E.S.E.  and  W.N.'W.  trend,  and  the  Mesozoic  rocks 
were  rent  along  one  of  the  waves  by  a  great  fault,  on  the 
southern  aide  of  which  the  rock  mass  of  the  Harz  was  up- 
heaved to  its  present  altitude.  A  seam  of  brown  coal  crosses 
the  line  of  fault  at  one  locality,  proving  the  movement  to 
have  ceased  before  the  Oligocene  period. 

The  Harz  has  uot  again  been  submerged,  but  was  probably 
partially  covered  by  a  portion  of  the  great  European  ice- 
sheet  during  the  period  of  maximum  glaciatiou.  The 
Secondary  formations,  under  which  it  was  deeply  buried 
when  the  upheaval  took  place,  have  long  ago  been  swept  off 
by  the  action  of  the  subaerial  denudation  to  which  the  Harz 
has  been  unceasingly  exposed  since  the  end  of  the  far-off 
Cretaceous  Age. 


V.  APPENDIX. 

A.   LiTEKATCRE. 

The  literature  on  the  geology  of  the  Harz  is  very  extensive, 
and  it  is  impossible  to  do  more  than  notice  some  of  the  more 
important  works  and  papers  here.    A  tolerably  complete  list 
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may  be  found  in  voo  Groddeck's  "  Abriss  der  Gteognoaie  da 
Harzus,"  and  several  of  tlie  less  important  papera  have  alraadj 
been  referred  to  in  footnotes. 

OKMSKAI.   LlTRRATI'BK. 

V.  Trrdim,  ErfahrnliKen  vom  Innem  dar  (ieliirge.    Dmkii  and  Ldpil^  17BS. 
Laniia,  llooliachtun^-n  ilbar  die  Huzgabirge.     Hhuwtm',  17S9. 
Firialelcn,  Ih-mrrkunj'en  Ulvr  den  IlkTS.      Leipzig,  17B5. 
L.  r.  Itiicb,  Ui-bar  den  Han.     Lconlurd  Tuchanb.,  162I,  18  J4hTg.,  p.  471. 
F.  Uaffmann,  Ucbpniicbt  ilrr  oragnphuchsn  a.  gMgneatitchan  TarUIbiWB 

voln  nonlwcitliihen  Deutachlud.     Laipiig,  1880. 
Ch.  ZimmemuiHH,  Dm  Hangtbirge.     Dannitadt,  1834. 
Haunaann,  Uetier  did  IJildang  dtii  Hangcbirgct.     Qottingni,  1849. 
ilvnhiaon  ai\d  Sedgwiek  on  the  Ilarz  (Trans.  GeoL  Soc,  Sd  anui,  voL  n., 

1842,  i>.  283).     Hnnliuon  and  Morrii  on  the  PalwHole  tnd  their  Ama- 

ciated  Rocks  of  the  TbQringMnrald  sod  the  Han  (Quart  Jonm.  0«ol. 

Soi!.,  vol.  ii.,  18&5,  p.  400). 
P.  A.  Jlucnb-r,  Eitiige  Kciiiorkungen  Ul)crdJegeogDaatiKhB  ZoaammaiiaatiiuiK 

dcs  HRma  D.  dci  ThUriiigernraldcs— Zeit.  d.  d.  g.  Gn.,  Bd.  tuL,  1868,  p.  18. 
K.  A.  Loiam,  Uulvr  cli'n  Scbii^htcoliau  dea  Harm — Z.  d.  d.  g.  O.,  zzriJL, 

1S76,  p.  liS;   Ziii>aniiii(.-nhBiig  inischsn   Fallen,  Spaiten  a.   KmptiT- 

gcatciiirn  im  Hun — Jabrb.  d.  k.  {ir.  gcol.  Landnanst,  18JI1,  p.  1. 
S.  A'iii/»T,  Uubor  das  SialtcnayatcLii  am  8.  W.^Abrnlt  dea  BroekennMMiT^ 

Jabrbuvh  d.  k.  |.r.  gool.  lAnJcsanal.,  1881,  pp.  412-454. 
von  Orvddttk,  Abrba  dsr  OeogBoaie  der  Hanea.     Claasthal,  1883. 

Maps. 
C.   Predigfr,   N.W.    Hangeb.   niit  goopiti.  Colorimng  von   F.   A.   Boemer, 

Claiuthal,   1851  ;  1  :  50,000 :  3  Bliittei :  Clausth^tl,  W«raig««da,  ud 

Nordbauson ;  also  einoU  map  1 :  300,000  ;  geoL  colon  b;  Bonner  and  A. 

Streng. 
£  Begridt,  Geogn.  Karto  d.   N.  HannndM  von  LangeUbeim  bii  Blankon- 

batg  1 :  10,000— Zeitsuh.  d.  d.  r.  Gea.,  Bd.  iii.,  1851,  Taf  xt. 
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E.  Bryrich,  TarionB  papers  in  Zcttsch.   d.  d.   fteol.  GeietUch.,   XTiii,,  1800, 

p.  ]fi;  lix.,  1867,1).  247;  ii.,  186B,  pp,  213,  869  ;  luiii.,  pp.  602,  SIS. 

K.  A.  Loaam,  Oraptolitheo  am  H.,  Z.  d.  d.  g.  Q.,ii).,p.  281 ;  xxiv.,  p.  177; 
xitI,  p.  306;  xxriL,  p.  418  ;  other  papers,  xiix.,  p.  6\2;  xxxi.,  p.  SIS; 
zxxiv.,  1882,  p.  Hb. 

B.  Knyter,  Die  Fauns  der  alksten  Devon  Alilogcningcn  lioa  Harzoa  Abli.  zur 
geoL  Speciulkwte  von  Preuaaon,  etx,,  Bd.  ii.,  ISrs.  Zur  Fragenach 
dam  Alter  der  hcrcjniachen  Faunu,  Zeitscli.  d.  d.  g.  QeaellBch.,  xzzi., 
IS7B,  p.  ei.     Other  papers  on  hercyniau  rocks,  uxUi.,  pp.  174,  617. 

A.  Halfar,  OltBrdavon  am  Harz,  Z.  d.  d.  g.  G.,  uviL,  p.  465. 

Eon  Uroddcck,  Kegion  dea  Diaboszuges  zwiacheo  Oaterodo  u.  Alteoan,  Z.  d.  d. 
g.  G,,  xiiT.,  p.  605;  LagorDogBverhaltniase  dee  Oberharzor  Diabaszugea, 
xxriiL,  p.  361;  Lsgeraugitverh.  urn  Iberge  u.  Wmt«rb«rge  bei  Gruud, 
XII.,  p.  G40. 

ton  Qroddtck,  Bettrltge  zui  Geognoeii;  doe  Oberhanee,  Z.  d.  d.  g.  O.,  xxix., 
p.  429  ;  iixii.,  p.  186  ;  Zor  KenutmBH  dee  Oberharzer  Cnlm,  Jahrb.  d.  k, 
pr.  geol.  LaudeaanaUlt,  1882. 

A.  Ual/ar,  Ueber  dio  metainorphosirton  Cnlmsuhichlon  in  d«t  nwhsten 
Umgobutig  von  Rhomkerhnlle,  etc,  Zeit.  d.  d.  g.  G.,  xxix.,  p.  63. 

Pr,  Wundcrlich,  Beitr.  zur  KcnDCnise  d.  Kieaelscbiufer,  Adinolen  u. 
Wetzschiefer  des  Ii.  W.  Oberharzva,  MitChoiluDgen  dea  Clunatbalor 
wisseQachflftlieheii  Veroins  "  Majn."     Nouo  Folge,  1880,  Heft  i.,  p.  1. 

1^-  Permiiui  Bocks. 
FreiaUbtit,  Oaugnosttecher  llmtng  zur  Kenntniaa  des  KnpfetsahierargDbirgea 

rait  beeouderer  Hiosicht  auf  eiiien  Theil   der  Grafachaft   Uanafeld  u. 

Thtiringena.     Freiberg,  1807. 
PUimitke,  Daralollung  der  LagaruagsvorhiltniMo  de*  KupforachiofBrflolrsH  u. 

der  Zeobatciii  roimnlioii  der  Grafechaft  Mousfeld  Karstena  Arcbiv.  K.  ii., 

Bd.  iviii.,  1844.  p.  136. 
Sehrader,  DerMunafetder  Kupferschiorerliergbau  2eitachrift  flir  Berg-,  UlitteD-, 

n.  Salinien-Woiien  im  preuse,  Staato,  ivii.,  1868,  p.  2fil. 

F.  O.   JVaumaiiM,   Ueber  die  geotektouiecbuu  Verbaltuisse  dee  Alelapliyr- 

Gebietea  vun  Ilfeld,  Neuea  Jahrbui'.ii,  1660,  p.  1. 
E.  Beyrich,  V*rbnjitnng  der  Z«chatoiiifonii»tiiiii  am  norJlichen  Hiir»mado, 

Z.  d.  d.  g.  ii.,  iv.,  1852,  p.  605.     Alw  ZuBBHUaeaietzuug  d.   Zuchituiu 

am  S.  Uarzrande,  xvIL,  p.  445. 
0.   Spcj/tr,  Die  ZecbateiDformatiOD  des  W.   HarxruidM,  Jahrb.   d.   k.   pr, 

gcoL  Landeasnat.,  1880,  p.  50. 
E.  Saadcc,  Die  geogu.   VeihaltDiase  dea  Krnst  Anguat  Stollens  von  auiueiii 

Mundloch  bis  znin  Fahleabergor  Lichtschaclit  bei  Qittolde  oun  Harze 

Bet^..  u.  HtlttennuLimiachc  ZeitDog,  1860,  p.  273. 
mm    Oroddeck,    Benierkungiiu     iibcr    das    Zouhstein-congtomerat   iwjacheu 

Oetorode  u.  Neukrug  u.  dun  Schwerspath  am  Boetoberge,  Z.  d.  d.  g.  G., 


d.  Trias. 

t  StrombKk,  Muecbelkolk   liildungcn  im. 


i.W.  Deutachlaad,  Z.  d.  d.  g. 
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0.,    i.,    pp.    I4S,   179,   180,  ISa,  101.     Abo  iL,  pL   ISA;  StabiMli  in 
Nonlcn  vam  Ilan,  viL,  p.  flSS. 
£  B'griek,   Triufomution  Zwiicban  BallBiutadt  n.  Humbor^  Z.  d.  d-  9. 
0.,  i.,  p.  310  ;  Ziukblende  im  obera  Miiich»lfc»lV  Ton  Thalo,  zuiii., 
1S81,  p.  700. 

(.  JnxK. 

F.   A.   Soenter,  die   VentoineningGn  6m  narddaotwhen   OalithaugaUigB^ 

1839. 
I/.  Sfhloenbnek,  Ueher  den  Eiieniteia  dea  mittleren  IJh  Im  N.W.  DmtMh- 

luiil,  etc.,  Zeit.  d.  d.  g.  0.,  x*.,  p.  465. 
Iltinrich  Crtdner,  Gliederang  der  obcran  Junformatbn  n.  der  WMUtD-Bil- 

dutifjiniN.W.  Ueatwhland.     Png,  1BS8. 
VoK  Sttbaek,  Der  HannoTonche  Jnr*.     Berlin,  I86i. 
D.  Brauju,  Der  niittlere  Jnn  in  N.W.  Dant*cbl«id.    ChmI,  1MB. 

/.  Ontaeeooa. 

F.   A.   Soemcr,    Die   VerateinoniDgeQ   d«t  norddeotacban    Knidagabiigca. 

llantiDvor,  1S41. 
r.   StnmiKl;  Glisderung  dca  Hili,  Z.  d.  d.  g.  0.,  vi.,  p.  284.      Hikeon- 

glomcnt,  etc.,  NeucH  Jalirb.,  1854,  p.  S41  ;  1S5S,  p.  IBS.    (Unit,  Z.  d. 

d.g.  G.,T.,p.  601  ;  viii.,  p.  483;  NcuesJahrb.,  18G7,  p.  641.   GUedaiing 

des  Pllnera,  Z.  d.  d.  g.  G.,  ix.,  p.  41E.     N.  Jahrb.,  1857,  p.  7Bfi. 
B.   Jltj/rich,   Ziuammenietziiiig    u.    Lagorung  der   kreidefannAtion   in   der 

Cogenil  zwiBchcn  Halberatadt  Bkukeoburg  n.  Quedlinbnig.   Hit  Earte, 

Z.  d.  d.  1;.  G.,  I,  1840,  pp.  288,  SSO. 
y.   A.   Boeiner,  Dis  Quadrateiikreide  Jcs  SndmeTbeTgea  bai  Goakr,    M»- 

ODtognphica,  liii.,  4  Liuf,  p.  103.     Nooeg  Jahrb.,  1866,  p.  ML 

g.  TarUary  Deposits,  etc. 

K.  A.  loatm  and  E.  SayKr,  BrsDnkohle,  etc.,  am  Han,  Zeit  d.  d.  g,  O., 
zxix.,  pp.  202,  203.     Soe  also  notice  by  Doyrich,  tttj,,  p.  g89. 

0.  StnuJcmann,  Auagrabangnn  in  dor  EinhornhubU  bei  Schtnfeld  ua  8. 
Harzrande,  Zeit  d.  d.  g.  6.,  xxm.,  p.  664. 
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Jnhrb.  d.  k.  pr.  LandsBanBt,  1830,  p.  22.  Eersuitite  of  LanUaUul— 
von  Oroddtck,  Jahrb.  d.  k.  pr.  Lindesanst.,  1882. 

6.  Granite,  etc.— C.  W.  C.  Fiitha,  Der  Grauit  des  Haraes  u.  Kino  NobangL-s- 

teino  (Homfela,  GneiBn,  Diorit,  Syenit,  etc.),  MiDeralogisch  clicmiaolii?, 
Uonograpbie,  Mit  Korte,  Taf  xiii  N.  Jshrb.,  1862,  pp.  769,  867.  Los- 
»m,  Z.  A  A  g.  G.,  ixvi.,  p.  856  ;  ixvii.,  p.  15*  ;  iiviii.,  p.  406  ;  xxtiL, 
p.  a06. 

7.  Gabbra,  etc.—.^.  Slnng,  Ifeues  Jahrb.,  1862,  pp.  G13,  033. 

S.  Qmrtz- porphyry,  eli^. — Loam,  Z.  d.   d.   g.   G,,    xx.,  p.  458;   uviii., 

p.  406  ;  ixiz.,  p.  201.     £.  Kayxr,  Johrb.  d.  k.  pr.  geol.  Landesuut. , 

1880,  p.  45. 

MRTAunBPBio  Rocks. 
C.  Ziwkm,  OnuLiCrander  der  Gruppe  des  Eammberges  u.   der  Bosstrappe, 

Hit  KartcD,  Karat.  Arubiv.  B.  u.,  Bd.  v.,  1832,  p.  S28  ;  lix.,  1845,  p. 

BS3. 
C.  Losxn,  Metamorphiacho  SchichteD  ana  der  palteozoiseben  SchicliIenrDlgs 

Are  Ostbanea,  Z.  d.  d.  g.  O.,  ixl,  pp.  2S1-340. 
E.  S/iyier,  ConUctaietamorpboaa  il«r  katnigou  Diabasti  im  Hane,  Z.  d,  d.  g. 

G.,  uii.,  p.  103. 
C.  Loaien,  Gsognostiscbe  Verhallnisse  des  bercyniacben  Si^bierorgebirges  in 

der  Utngegand  von  Wippra,  Z.  d.  d   g.  O.,  xxii.,  p.  487. 
K.  A.  Lostm,  Ueber  den  Spiloait  u,  Deamoait  Zintkeoa,  Z.  d.  d.  g.  G.,  xiiv,, 

p.  701.     Albit  Porphyroide  sua  detn  Hara,  zuL,  p.  441. 

Mrtalufbrodb  Deposits. 
B.   Crtiner,  Oeognoatiache  Beacfareibaag  dea  Bergwerhl,  Diatrictea  von  St 

Andreuberg,  Z.  d.  d.  g.  O.,  xriii.,  pp.  103-231. 
wm  Oroddtci,  Ueber  die  ErzgiUige  dea  nordweatlichen  Oberbarxea,  Z.  d.  d. 

g.  G.,  iviiL,  pp.  693-776.    Die  Lcbra  der  Lagorstiitten  der  Erzo  ("Study 

of  Ore  Deposits  ")  contains  abort  acconnts  of  all  tbe  motalliferons  depoaila 

oftbeHan. 
Oro  doposit  of  the  RammoUberg— ^.  A.  Loiacit,  Z.  d.  d.  g.  Q.,  mviii,  p. 

777.     F.   Wimtntr,  Zeitach.  fUr.  Bcig-,  Ulitten-,  n.  Salinien-Wemin  itn 

pr.  Staat,  ixv.,  p.  119.     A.  SUIxmt,  Z.  d.  d.  g.  G.,  iziii.,  p.  807.    Q. 

KBhUr,  Zeit.  f.  B.  H.  a.  S.  W.  im.  pr.  Staat,  xxt,  pp.  81,  278. 
Manafetd— Hansfeld   EnpferKbiefer  B«rgbau,  1881.      This  ia  s  reprint  of 

pftp«n  in   tbe   Zeitai-h.  fUr  Berg.- Hutten.-  n.  Salinien-Weaen,  xvii, 

pp.  13G  and  2&1  ;  and  zix.,  p.  224. 

B.  Explanation  of  Platk& 

The  Sketch  Map,  Plate  IX.,  is  intended  to  indicate  rongbly  the  general  stnic- 
tiin  of  tbe  Harz,  and  to  alinn  tbe  positions  of  most  of  tbe  places  referred  to  in 
tbs  text,  and  of  the  tinea  of  Section  in  Plato  X.  The  contemporaneous  diabases 
am  abown,  but  tbe  numerous  patches  of  intrusive  diabase,  as  well  as  the  dykes 
of  qiwrtc-porphyry,  etc.,  have,  to  avoid  needless  compieiity,  been  omitted. 

The  Soctions,  Plate  X. ,  are  drawn  to  the  same  scale  as  Loasen's  Map.     Tbe 


verticala  are  about  double  the  horizontal  dislanees.  Tbe  sections  di 
tend  to  any  great  accuracy  in  detail,  and  are  intended  merely  to 
iUustratiro  diagrami  approximately  oonmt  in  general  outline  only. 
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Hwtion  No.   1  ihowi  the  QDCooroniuble  patch  of  tta 
nrar  iUlUnBtwU  on  the  10001  dda  of  tlie  gnat  full;  and  tlu  poatloii  «t  tha 
Maimrolil  liaitn  at  the  S.  G.  extramity  of  ths  lanfct. 

No.  3  ihnwi  tho  genenl  stnictnia  of  tlia  Lomr  Han  and  EjnilaMr. 

Ko.  3  inilirate*  the  probable  nnroiifonuabiUty  in  the  Beeondary  atriaa  at 
Werniftenxle,  the  TFUtiimi  of  the  rack*  in  the  ElUngaroda  ditftict,  and  tha 
poHitiun  of  tlia  I'enninn  TolrsDic  manm  it  Ilfeld. 

Vi>.  4  ihoin  the  uiK^onformabiUtj  belo*  the  nppef  chalk  on  tha  awth 
iiilo  of  the  f(rent  fault,  the  relation  of  the  RTanita  of  tha  Brockan  to  tha  bnlta, 
tho  pnaitioii  of  tlie  eilvrr  Toini  of  Aadnaibarg,  and  tha  ralatioiu  of  tha 
romiian  n>i-1»  on  tho  aouthrm  Hank  of  the  Han. 

Mo,  5  illniitnitoi  the  ntruiUon:  of  the  portion  of  tha  Waat  Han  batwean 
Goalar  anil  Sectpn.  Tho  gnt,l  innsnion  of  the  BammeUberg  ii  ihown  on  tha 
oaat,  and  the  Culm  fti«]rwacke«  end  elialoa  are  teen  ovarljing  the  Upper 
Dcvoiiiiin  hcdn  on  the  woitern  Hiilc  of  thu  Innente  Valloj.  Tha  Earvutita 
dyke  of  L>ut«iitbal  ie  seen  piurcing  the  Calm,  and  alterad  in  podtion  by  one 
of  tho  fanlta. 


XIX.  On   the    Claisification  of  Animals.      By  J.   CossAB 
EwART,  Esq.,  M.D.,  Regius  I'lofessor  of  Natoral 
History  in  the  University  of  Edioburgh. 
(Bead  20Ui  Febnury  1884.) 
Until  comparatively  recent  yean  natnraliata  chiefiy  con- 
cerned themselves  with  droving  up  definitions  of  animals, 
and  with  elaborating  systemB  of  classification.     The  arrange- 
ment  usually  adopted   woe    extremely   unnatural,  for   the 
systematista  trusted  eitlier  to  external  characters  or  to  very 
simple  combinations  of  characters.     In  course  of  time,  bow- 


0)1  tlic  Classijkation  of  Aniiaals. 


267 

were  adhered  to,  Lamarck,  who  stumbled  upon  the  theory 
of  evolution,  but  was  unable  to  marshal  a  aufficieiit  array  of 
facts  to  support  it,  still  seema  to  have  believed  in  the  pos- 
sibility of  arranging  animals  in  a  linear  aeries,  and,  it  may  be 
added,  that  at  the  present  day  this  old  notion  has  been 
saddled  to  the  theory  of  descent  by  those  who  have  not  been 
carefully  initiated  into  the  mysteries  of  biology.  The  pos- 
sibility of  arranging  animals  in  a  linear  series  is,  liowever,  no 
longer  admitted  by  naturalists — they  know  that  the  relations 
animals  have  to  each  other  cannot  be  represented  on  a  plane 
surface,  but  only  in  space  of  three  dimensions ;  that  in  fact 
the  only  possible  method  of  classifying  animals  is  to  arrange 
them  iu  divergent  groups  ami  redivergent  sub-groups,  or,  in 
other  words,  to  represent  them  in  the  form  of  a  tree.  Further, 
various  groups,  e.g.,  orders,  families,  genera,  and  species,  are 
no  longer  looked  upon  as  being  always  equivalent,  but  rather 
as  arbitrary  divisions  adopted  for  convenience,  and  not  because 
they  have  the  same  comparative  value.  If  a  natural  system 
of  classification  is  founded  on  descent  with  modifications,  it 
must  be  strictly  genealogical  in  order  to  be  natural,  hence 
the  various  groups  (orders,  families,  genera,  etc.)  must  be 
considered  as  expressing  the  amount  of  difference  amongst 
organisms  which  have  descended  from  a  common  ancestor, 
and  which  together  form  a  branch  or  phylum ;  and  it  may  be 
added,  that  the  possibility  of  dividing  groups  into  orders, 
genera,  etc,  has  resulted  from  members  of  these  groups 
undergoing  elaboration  and  differentiation  in  different  direc- 
tions. This  being  so,  the  particular  rank  which  any  number 
of  individuals  receives  will  depend  partly  on  the  amount  of 
elaboi'ation  and  partly  on  the  disappearance  of  the  immediate 
or  remote  ancestral  forms,  or  of  both. 

From  what  has  been  said,  it  will  be  evident  that  in  drawing 
up  a  system  of  classificatiou  it  ia  necessary  to  distinguish 
adaptive  from  essential  characters,  and  to  remember  that  no 
arrangement  can  bo  natural  tliat  is  not  genealogical  The 
safest  characters  therefore  will  be  those  that  show  an  affinity 
between  organisms  to  each  other  or  to  an  ancestral  form. 
When  arranging  animals  into  large  groups,  we  should  therefore 
notice  especially  the  developmental  history.    This,  however, 
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is  not  enough  in  the  case  of  veitehMtes,  «^.,  it  will  be 
necessary  further  to  lake  into  consideratioiL  the  most  fixed 
structures — the  skeleton  and  nervous  system,  the  generatiTe 
organs,  the  heart  and  respiratory  organs,  and  any  rudi- 
mentary or  atrophied  organs  that  may  be  jneaeob  When 
breaking  up  the  large  groups  into  Bub-gKnipa,  it  irill  be 
necessary  to  direct  attention  to  the  amount  of  elaboration 
that  has  taken  place,  or  to  the  specialisation  any  serieB  of 
oi^ns  has  undergone,  or  to  the  appearance  of  new  organs. 

Although  the  system  of  classification  at  present  generally 
in  use  is  to  all  intents  and  purposes  a  natural  system,  and 
although  it  does  not  fail  to  recognise  in  a  general  way  the 
genealogical  affinities,  it  must  be  admitted  that  it  ia  at  the 
best  a  most  disjointed  system,  and  that  the  definitions  are 
often  dmwn  up  in  such  a  way  that  they  seem  to  apply 
equally  well  to  several  distinct  fonns  or  gronpa.  How  thee 
might  the  present  arrangement  be  improved  ?  How  can  the 
relationships  be  better  expressed  and  the  definitions  made 
more  definite  ?  A  system  of  classification  ought  to 
enumerate  all  the  information  we  possess  about  the  variona 
groups  and  iudividuala  composing  them.  This  was  the  case 
with  the  systems  of  Linnieus  and  of  Cuvier.  Since  their 
time,  however,  we  have  not  only  collected  an  enormona 
number  of  facts  as  to  the  structure  of  animals,  but  we  have 
learned  much  of  their  distribution,  development,  and  anceatral 
history.    Hence  a  classificiition  now  must  not  only  express 
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improve  somewhat  our  present  mode  of  drawiog  up  defini- 
tions, if  not  of  classifying.  Those  acquainted  with  such 
works  as  Gunther'a  "  Classification  of  Fishes "  must  know 
tliat  the  various  groups  are  usually  considered  as  if  they  in- 
cluded independent  and  specially  created  forms.aud  no  attempt 
other  than  grouping  allied  forms  together  is  made,  either  to 
indicate  their  relationship  or  the  amount  of  elaboration  or 
specialisation  that  has  taken  place.  Further  it  must  have 
been  observed  that  Haeckel  and  others  have  long  recog- 
nised the  necessity  of  a  change  in  our  mode  of  classifying 
and  defining  monisms,  and  especially  of  adopting  a  simpler 
and  more  philosophical  plan  than  has  hitherto  been  followed, 
so  that  in  venturing  to  indicate  on  what  lines  our  classifica- 
tions might  in  future  be  conducted,  I  am  only  following  the 
example  of  other  naturalists. 

The  system  which  I  would  recommend  will  be  best  illus- 
trated by  taking  a  familiar  group  as  an  example.  I  know  of 
no  group  that  will  serve  better  for  this  than  the  fish  group.  In 
the  Fishes  1  would,  at  the  outset,  draw  up  a  short  definition 
containing  only  absolute  characters,  and,  as  far  as  possible, 
characters  which  would  not  only  suggest,  but  in  a  great 
degree  be  applicable  to  the  ancestral  forms.  This  short 
statement  made,  each  order  would  next  be  dealt  with  sepa- 
rately. Before  giving  any  definitions  I  would  enumerate  all 
the  genera  of  the  order,  showing  in  as  graphic  a  manner  as  is 
possible  how,  on  a  flat  surface,  these  might  be  arranged  into 
sub-families,  families,  and  suborders  or  other  groups.  This 
done,  I  would  next  draw  up  a  short  definition  of  the  order, 
containing,  as  in  the  definition  of  the  class,  only  absolute 
characters.  If  two  or  more  siiborders,  I  would  select  the  one 
which  seemed  to  approach  nearest  to  the  ancestral  forms  and 
draw  up  an  exhaustive  statement  of  its  characters  ;  in  other 
words,  I  would  describe  in  a  categorical  fashion  a  typical 
member  of  the  group. 

Having  done  this  I  would  next  indicate  as  shortly  as 
possible  how  the  members  of  this  particular  family  differed 
from  the  type  described,  either  by  being  more  elaborated  or 
specialised,  or  by  having  undergone  degradation.  When 
necessary,  in  addition  to  show,ing  the  relation  of  each  genus 
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to  the  selected  type,  I  would  disciiBs  wpantelj  each  grani^ 
showing  how  one  ipecies  differed  &om  another,  and  how 
they  wen  related  to  their  own  particular  genoB,  jnst  aa 
we  might  compaie  the  leaves  belonging  to  a  partJcnlar  twig, 
and  indicate  how  tliey  were  individnally  attached.  The 
genera  and  species  having  been  considered,  I  would  conclude 
with  a  definition  of  the  family,  never  using  vague  tenns,  such 
as  "  usually  "  or  "  generally,"  and  always  mentioning  the  ex- 
ceptions in  detaiL 

Having  treated  all  the  families  of  the  suborder  in  this  way, 
I  would  next  compare  the  various  families  with  eadi  other, 
indicalinir  how  they  esseotially  differed  tiom  each  other, 
and  how  they  had  departed  from  what  were  supposed  to  be 
the  ancestral  forms.  All  the  other  suborders  would  be 
treated  in  the  same  way,  with  this  difference,  that  whenever 
it  was  possible,  instead  of  giving  an  exhaustive  statement  of 
the  characters  of  the  type  selected,  I  would  simply  show  how 
it  differed  from  the  original  type  which  served  to  illostxata 
the  first  suborder.  When  all  the  suborders  had  been  con- 
sidered in  this  way,  I  would  next  compara  the  varioos  sab- 
orders,  indicating,  when  possible,  along  what  routes  they  bad 
sevondly  travelled  from  their  starting  point — what  amount 
of  elaboration  they  had  undergone — how  mach  they  had 
been  specialised  or  degraded — whether  they  were  at  or  near 
their  climax,  or  approaching  their  decline — what  amount  of 
parallelism  there  was  amongst  them,  and  in  what  reepeets 
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been  visited  iu  the  Bpring.  One  of  the  best  known  banks 
visited  in  tlie  autumn  is  tlie  Guillam  Bank,  near  to  the  entrance 
to  the  Cromarty  Firth,  while  the  bank  off  Ballantrae  is  the 
moat  familiar  resort  during  the  spring.  In  addition  to  these 
there  are  many  others  well  known  to  our  fiahenneii.  The 
famous  Bohualan  spawning  ground  on  the  coast  of  Sweden  is 
noteworthy.  All  these  spawning  grounds  are  liable  to  be 
■deserted  for  longer  or  shorter  periods,  e.g.,  the  Guillam 
Bank  has  practically  been  deserted  during  the  last  fifteen 
years;  the  bank  off  Dunbar  has  been  deserted  for  a  still 
longer  period ;  the  Ballantrae  Bank  was  all  but  deserted 
for  several  years ;  while  the  herring  shoals  left  the  Bohuslaii 
grounds  in  1808,  and  did  not-  make  their  appearance 
again  in  any  numbers  until  1877.  The  disappearance 
of  the  herring  has  been  accounted  for  in  an  endless  number 
of  ways,  but  we  are  still  without  definite  information 
on  the  subject,  and  Ukely  to  continue  in  this  condition  until 
we  leam  something  more  of  the  causes  which  influence  the 
movements  of  the  herring,  either  in  search  of  food  or  in 
selecting  spawning  grounds. 

An  impoftant  step  in  this  direction  would  be  accomplished 
in  determining  whether  herring,  like  salmon,  are  in  the  habit 
of  returning  to  their  birthplace  during  the  spawning  period. 
This  might  be  done  by  depositing  on  some  of  the  deserted  in- 
shore banks  large  quantities  of  fertilised  eggs.  If,  in  the 
following  year,  after  the  spawn  had  been  deposited,  these 
Imnks  were  frequented  by  numbers  of  young  herring,  and 
during  the  second  year  with  a  school  of  spawning  herring,  it 
might  be  taken  for  granted  that  they  were  the  products  of  the 
eggs  deposited.  Supposing  this  to  be  the  result,  a  number  of 
interesting  problems  would  be,  to  a  great  extent,  settled,  and 
an  extremely  practical  conclusion  arrived  at,  viz.,  —  that 
when  spawning  beds  have  been  deserted,  instead  of  waiting 
until  some  accident  brought  a  new  school  of  herrings,  some 
twenty,  thirty,  or  iifty  years  hence,  it  would  be  possible  to 
treat  them  as  so  many  farms,  restocking  them  when  neces- 
sary, 80  as  to  restore  the  fishing.  Having  been  deeply  im- 
pressed when  e.\amining  the  Ballantrae  spawning  grounds 
with   the   desirability  of  some   such  course   as   this   being 
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pursued,  I  took  into  conaidenticai  how  it  could  best  be  curied 
ouL  In  stocking  liTers  with  trout  and  salmon,  good  results 
are  often  obtaioed  by  depositing  eyed-ova  in  either  natursl 
or  artificial  redds.  The  advantages  of  depositing  eyed-ort 
over  newly  fertilised  ova  are  (1.)  that  the  water  in  the  redds 
often  contains  a  quantity  of  mud,  which,  though  harmless 
to  the  f^,  ia  fatal  to  the  eggs  during  the  early  atages  of  their 
development ;  (2.)  that  owing  to  the  variations  in  the 
temperature  of  the  water  passing  over  the  redds,  the  embtyos 
when  hatched  ore  often  so  feeble  that  they  are  incapable  ti 
surviviag ;  (3.)  that  owing  to  the  protection  afforded  daring 
the  earlier  stages,  the  number  of  fzy  hatched  is  likely  to  be 


In  the  case  of  the  herring  there  is  practically  no  risk  from 
impurities  in  the  water,  and  the  number  of  ova  obtained  from 
each  female  herring  being  so  great  the  destruction  of  a  con- 
siderable number  by  fish,  etc,  is  not  a  matter  of  any  moment) 
and  this  destruction  is  limited  compared  with  the  salmon,  aa 
they  are  often  hatched  in  ten  or  twelve  days,  and  are  seldom 
over  forty  days  in  hatching.  Hence,  all  that  is  required  i^ 
that  a  sufficient  number  of  fertilised  egga  should  be  deposited 
on  tlie  spawning  ground.  At  first  it  seemed  that  this  would 
be  easily  accomplished  by  dropping  stones,  etc.,  coated  with 
egga  on  the  bank,  but  on  finding  tliat  the  ^gs  were  apt  to 
be  destroyed  when  this  was  done,  and  that  the  gravel-coated 
portions  of  the  bank  were  always  selected  by  the  herring  in 
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contents  of  the  tray  on  the  bank.  In  this  way  many  millions 
of  eggs  could  be  easily  deposited  in  either  sliallow  or  deep 
water. 

Specimens  Exhibited. 
February,  1884. — Professor  Ewart  exhibited  a  specimen  of 
Torpedo  nobiliajM,  taken  by  a  trawl  in  40  fathoms  water  ofl' 
Lybster  on  the  11th  of  January.  The  specimen  measured 
28  inches  in  length,  and  19J  inches  across  the  pectoral  fins, 
and  was  13  pounds  in  weight  It  was  of  a  uniform  dark 
chocolate  colour  on  the  upper  surface,  while  the  under  surface 
was  nearly  white.  Though  several  toi-pedoea  have,  in  all 
probability,  been  captured  off  the  Scottish  coast,  this  seems 
to  be  the  first  that  has  been  identified  and  preserved.  It  has 
been  presented  by  the  Scottish  Fishery  Board  to  the  Museum 
of  Science  and  Art.  A  figure  of  this  specimen  will  be  found 
in  the  Annual  Keport  of  the  B'ishery  Board  for  Scotland  for 
the  year  1883. 

March  19th.  —  Professor  Ewart  exhibited  the  following 
specimens  ;  (1.)  Eaniceps  tri/urcus  (Tadpole  fish),  taken  in 
the  Firth  of  Forth ;  (2.)  Phym  blenniodes,  the  Great  Fork- 
Beard  ;  (3.)  Oadm  minutus,  the  Power  Cod,  taken  off  Eye- 
mouth ;  (4.)  an  albino  Haddock  {Gadtis  a-glefinus)  from  Stone- 
haven ;  (5.)  a  Coronula  taken  from  the  "  Tay  Whale  "  {Meg- 
aptera  Imigimana) ;  (C.)  stones  coated  with  eggs  of  herring, 
dredged  from  the  BaUantrae  Bank  on  the  8th  of  March  ; 
and  (7.)  living  Herring  fry  which  escaped  from  the  eggs  on 
the  atones  on  the  l^ith  March. 
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Wedruaday,  X'ith  November  1884 — Kamsay  H.  Teaquaib, 
Esq.,  M.D.,  F.E.S.,  President,  in  the  Chair. 

The  Chairman  delivered  the  following  opening  address : 

Gentlemen, — We  come  together  this  evening  in  the  full 
hope  and  confidence  that  the  succeaa  and  prosperity  which 
have  attended  our  gatherings  during  the  past  few  years  will 
not  be  less  in  the  present  Session  of  the  Royal  Physical 
Society,  the  114th  since  its  foundation.  On  this  occasion 
I  think  we  may  justly  point  to  the  new  part  of  our  Pro- 
ceedings now  on  the  table,  and  containing  the  papers  of  laat 
session,  as  evidence  that  our  prosperity  is  not  merely  one 
of  increased  membership,  or  of  gathering  in  of  fees,  but 
of  work  done.  For  the  first  time  in  my  memory  the 
Procecdirujs  of  a  previous  session  have  been  laid  on  tlie 
table  ready  for  distribution  on  the  opening  night  of  the 
following  one,  and  for  this  we  must  thank  the  energy  and 
industry  of  our  Secretary,  whose  position  as  Editor  of  these 
Procetdiriffs  is  by  no  means  one  of  calm  contemplation, 
but  one  of  hard  and  often  very  liarassing  work.  The  part 
itself  consists  of  273  pages,  with  10  plates,  and  contains 
20  papers  besides  an  address  by  Dr  A.  Geikie,  Director- 
General  of  the  Geological  Survey,  In  tliis  address  Dr 
Geikie  gives,  in  his  well-known  luuid  style,  an  admirable 
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exposition  of  the  present  state  of  knowledge  regarding  the 
growth  and  orif^in  of  coral-reefs,  and  of  the  manner  in  which 
our  faith  in  the  Darwinian  theory  of  these  Btmctotea  has 
become  gradually  shaken  and  undermined  by  the  progiess  of 
subsequent  research. 

Except  that  they  include  no  contribotiona  from  the 
chemical  members,  the  20  original  papers  well  represent  the 
various  branches  of  scientific  work  which  it  ia  the  special 
function  of  this  Society  to  encourage  and  prosecute.  Eleven 
of  these  deal  with  subjects  in  recent  zoology:  of  these  five 
are  ornithological — those  of  Mr  Swinburne  on  the  Birds  of 
Sula  Sgeir  or  Xorth  Barra  and  North  Bona ;  of  Mr  Da^Ieish 
on  a  Second  Collection  of  Birds  and  E^gs  from  Central 
Uruguay ;  and  two  papers  by  Kf  r  Harvie- Brown,  and  one  on 
the  Occurrence  of  the  Little  Gull. 

It  is  only  natural  that  Ornithology  should  be,  as  it  always 
has  been,  prominent  in  the  matters  brought  before  oar  meet- 
ings, seeing  the  wide  general  interest  which  the  subject 
evokes,  and  the  opportunities  afforded  by  Scotland  for 
observations  connected  with  this  department. 

Two  papers  record  researches  in  Invertebrate  Anatomy, 
one  of  these  being  the  beautifully  illustrated  and  carefnlly 
worked-out  paper  of  Professor  Herdman  on  Sarcodidtfott, 
the  other  an  interesting  note  by  Mr  Bcddard  on  the  Structare 
of  the  Body- Wall  of  certain  Earthworms.  We  must  i^ret 
that  we  have  lost  the  advantage  of  Mr  Beddard's  presence 
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in  this  subject  since  the  publication  of  Forbes'  "  British 
Starfishes  " ! 

We  are  also  glad  to  see  that  the  Professor  of  Natural 
History  in  the  University  is  taking  an  active  part  in  the 
business  of  the  Society,  and,  besides  exhibiting  at  our  meet- 
ings many  fishes  of  interest,  including  the  first  Torpedo 
caught  ofT  the  Scottish  coasts,  has  furnished  this  number  of 
the  Frocealiv^s  with  two  papers.  The  first  of  them,  on  the 
Classification  of  Animals,  embodies  the  modern  theory  of 
descent  in  relation  to  this  subject ;  the  second,  on  Deserted 
Spawning-grounds  of  the  Herring,  deals  with  important 
economic  matters,  which  he  has  recently  taken  up  as  a  special 
study,  and  which  must  command  the  interest  of  a  much  wider 
circle  of  readers  than  those  who  busy  themselves  with  the 
details  of  Comparative  Auatomy  or  of  Systematic  Zoology. 

The  remaining  nine  papers,  nearly  half  of  the  whole,  are 
upon  subjects  which  the  popular  mind  usually,  if  uot  quite 
accurately,  associates  under  the  general  notion  of  "  Geology," 
and  are  indeed  of  the  kind  generally  considered  to  be  proper 
subjects  for  Geological  Societies,  And  here  I  must  con- 
gratulate the  Society  on  the  good  appearance  which  the 
present  number  of  the  Proceedings  has  made  in  this  direction, 
which  shows  that  we  are  not  neglecting  our  function  as  a 
Geological  Society,  handed  down  to  us  from  the  days  of 
Fleming  and  Hugh  Miller.  I  would  also  urge  the  Society 
assiduously  to  persevere  in  cultivating  Geology  and  Palseon- 
tology,  and  in  doing  so  I  think  it  a  matter  of  congratulation 
that  so  many  members  of  H.M.  Geological  Survey  favour  ub 
with  their  attendance  at  our  meetings  and  their  contributions 
to  our  Proceedings. 

Three  of  these  papers  deal  with  physical  or  pure  Geology, 
namely,  on  Boulder-Glaciation  by  Mr  Hugh  Miller — on  the 
Breadalbane  Mines  by  Messrs  Wilson  and  Cadell — on  the 
Harz  Mountains  by  Mr  CadelL  One  paper  relates  Lu  the 
mineralogy  of  the  silver  districta  of  Colorado  by  Mr  H.  Gunn. 
The  other  five  are  palicoutological — of  which  three  are  on 
Fossil  Botany — two  by  Mr  Kidston,  and  one  by  Mr  Theodore 
Kichards, — while  two  are  on  Fossil  Ichthyology  by  myself. 

Last  June  I  had  the  pleasure  of  attending  an  interesting 
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meeting  in  the  new  Xfttarftl  History  Mtueum  at  South  Ken- 
sington, brought  together  for  the  porpoee  of  disciudiig 
certain  interesting  qnestioDB  connected  vith  loological 
nomeDclBture,  to  which  I  will  refer  further  on.  At  preaent 
I  may  quote  one  sentence  from  the  introductory  remarks  of 
Professor  Flower,  who  presided, — "I  have  often  had  little 
difficulty  in  making  out  the  charactera  and  atnictare  of  an 
animal,  and  even  the  functioiis  of  some  of  its  organs,  bat 
when  I  have  to  decide  by  what  name  to  call  it)  I  am  often 
landed  in  a  sea  of  perplexity." 

Certain  it  is  that  the  correct  naming  of  animals  and  plants 
is  one  of  the  most  serious  difficulties  with  which  mnseiun 
officials,  and  investigators  generally,  have  to  contend.  Well 
do  conservators  of  museums,  where  scientific  assistance  or 
access  to  books  ia  deficient  or  inadequate,  know  the  difference 
in  value  between  on  authentically-named  collection  and  one 
which  is  not. 

I  fear,  however,  that  to  the  outside  laity,  who  have  never 
approached  the  study  of  Natural  History  from  a  scientific 
]>oint  of  view,  and  who  imagine,  as  I  know  many  do,  that 
the  only  work  of  a  museum  curator  is  to  put  his  stuffed 
birds  and  beasts  on  shelves,  and  see  that  they  are  not 
corrupted  by  dust  or  moths,  it  must  be  a  perfect  mystery 
what  all  this  talk  about  nomenclature  means.  Such  persons 
often  wonder  why  naturalists  choose  to  becloud  and 
encumber  the  science,  which  they  profess  to  love,  by  what 
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of  kinds  of  animals,  and  the  necessity  of  recognising  them. 
may  exclaim.  Well — but  would  not  Piked  Dogfish  and 
Spotted  Dogfish  serve  the  purpose  equally  well,  and  besides 
be  more  appropriate  terms  for  the  use  of  our  people  than 
such  repellant  names  as  Acanthins  vulgaris  and  Scyllium 
canicula  t  "  What's  in  a  name  ?"  it  might  he  said ;  and  "  Is 
it  not  better  to  use  names  understood  by  the  people  ? " 

Here  we  must  remind  our  friends  that  even  among  people 
who  speak  the  same  language,  the  ordinary  names  of  com- 
mon animals  and  plants  vary  in  different  places  in  a  most 
astonishing  degree,  The  fish  called  Dogfish  in  America 
belongs  to  a  totally  different  order  from  our  Dogfishes.  A 
crustacean,  the  Norway  Lobster  {Nephrops  Norvegicus), 
quite  different  from  either  the  cmyfish  or  the  prawn  of  Eng- 
land, is  nevertheless  called  "  crayfish "  in  Edinburgh  and 
"prawn"  in  Dublin,  We  may  also  initiate  our  friends  further 
into  the  subject  by  informing  them  that  it  really  is  necessary 
for  naturalists  living  in  different  countries  to  know  what 
each  other  are  doing,  and  that  for  any  working  scientist 
to  attempt  to  learn  or  to  understand  the  native  names  of 
animals  and  plants  in  all  parts  of  the  globe,  even  where 
they  have  received  such,  is  an  inconceivable  absurdity, 
and  finally  that  the  researches  of  naturalists  have  made 
known  the  existence  of  thousands  and  thousands  of  creatures 
which  had  not  received  any  vernacular  name  in  any 
language.  And  the  system  of  employing  for  scientific  pur- 
poses names,  Latin  in  form  and  also  mostly  derived  from  the 
classical  languages,  which  originated  in  the  old  custom  of 
writing  scientific  and  other  learned  works  in  Latin,  is  now 
perpetuated  for  the  purpose  of  ensuring  accuracy  and  pre- 
cision, qualities  often  not  appreciated  as  they  should  be  by 
those  whose  work  lies  outside  the  pale  of  science.  All  con- 
troversy as  to  Biological  nomenclature  must  therefore  hinge 
round  the  question  of  accuracy,  in  fact,  we  must  know  what 
we  are  about  when  we  name  or  catalogue  species,  or  read 
the  descriptions  and  catalogues  of  others. 

The  names  employed  by  the  older  naturalists  frequently 
consisted  of  an  entire  string  of  Latin  words,  such  for  example 
as  "  Khombus  maximus  asper  non  squamosus,"  by  which  we 
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find  tlie  Turbot  designated  inWiUonghby's  "Hiatoria  Piacnun," 
|)ablialied  in  1686.  These  were,  indeed,  not  namea  in  the 
proper  sense,  but  condensed  diagnosea.  It  ia,  aa  we  all 
know,  to  Linnieaa  that  we  owe  what  ia  koowo  aa  the 
Binomial  system,  accoiding  to  which  each  kind  of  oiganism 
receives  two  names,  the  first  of  which — the  generic  name — is 
tliat  of  a  genus  or  assemblage  of  kinds  of  animals  or  plants 
closely  resembling  each  other,  while  the  individual  species  is 
particularised  by  the  second  or  specific  name~-«a,  for  inatanc^ 
PietiroiucUa  majnmua,  the  Turbot;  PUuTonedet  plattata,  the 
Plaice. 

The  shortuesu  and  convenience  of  the  binomial  eyatem 
ensured  its  universal  adoption,  but  the  want  of  agreement 
among  naturalists  as  to  definite  roles  for  working  it  oat,  and 
their  frequent  ignorance  of  each  other's  works,  contriboted 
towards  a  considerable  amount  of  failure  on  the  part  of  the 
system  to  secure  accuracy  or  universality.  Synonymy,  or 
the  fact  of  one  species  having  a  plurality  of  names  applied 
to  it  by  different  authors,  grew  apace,  and  became,  as  it  is  to 
tliis  day,  a  nuisance.  Some  amount  of  synonymy  cannot 
under  any  conditions  be  avoided ;  it  is  indeed  conditioned 
by  the  progress  of  science,  which  often  rendera  necessary 
the  sub-division  of  old  and  too  extensive  genera,  and  Uie 
rectification  of  both  genera  and  species.  But  that  synonymy 
should  be  allowed  to  extend  itself  indefinitely  and  heedless 
of  all  rail:  or  jirinuijik',  co!l^ti^ut.^^i  iiulfi'ti  an  olist;i';li.'  in  the 
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and  as  fat  aa  possible  to  remedy  the  evils  already  created 
by  it,  a  committee  was  appointed  by  the  British  Associa- 
tion for  the  Advancement  of  Science  in  1842 ;  and  the 
report  of  this  committee,  drawn  up  by  the  late  Mr  Strickland, 
was  published  in  the  Proceedings  of  the  Association  for  that 
year.  In  1865  these  rules  \Fere  amended  by  the  Association, 
under  the  reporterahip  of  Sir  \V,  Jardine. 

The  rules  and  recommendations  comprised  in  that  report 
have  received  pretty  general  adoption  in  this  country,  and 
must  be  well  known  to  all  naturalists  who  have  made  much 
progress  with  their  studies.  Like  the  binomial  system 
itself,  I  must  maintain  that  they  liave  worked  well,  and  for 
the  benefit  of  science.  But  they  have  not  been  in  every 
particular  followed  by  naturalists  abroad,  and  even  in  this 
country  we  often  hear  ominous  uotea  of  dissent  as  to 
their  sufficiency  for  the  wants  of  the  science  of  the  present 
day. 

They  must,  however,  form  the  basis  for  all  subsequent 
attempts  to  rectify  the  subject,  and  consequently  1  shall 
adopt  them  as  the  text  for  most  of  the  few  remarks  with 
which  I  have  to  occupy  your  attention  this  evening. 

To  enter  into  every  intricacy  connected  with  the  subject 
would,  in  a  short  address  like  this,  be  not  only  impossible,  but 
also  unsuited  for  the  occasion.  I  must  therefore  content  myself 
with  touching  on  a  few  important  points,  concerning  which 
there  seems  at  present  to  be  some  difference  of  opinion. 

The  British  Association  Rules  wisely  commence  by  recognis- 
ing that  a  scientific  name  is  oTily  a  name  like  any  other,  and 
not  a  condensed  diagnosis  or  description,  and  that  con- 
sequently inexorable  adherence  to  priority  in  generic  and 
specific  names  is  the  only  safe  and  effectual  rule.  Even 
names  whose  derivation  was  founded  on  mistaken  ideas  of 
structure  cannot  be  altered  upon  that  ground,  if  their  title  is 
otherwise  good.  M'Coy,  for  instance,  named  a  genus  of 
fossil  Brachiopoda  "  Athi/ris  "  (without  a  door),  in  the  belief 
that  no  foramen  existed  in  the  beak,  but  though  it  sub- 
sequently turned  out  that  a  foramen  was  present,  the  name 
Af/u/ris  must  nevertheless  stand. 

The  claim  of  names  to  priority  does  not  extend,  however. 
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to  those  which  are  Fre-Linmoon,  and  tha  12th  editioD  of  die 
"  STstema  N&tura,"  published  in  1766,  in  which  the  binomial 
system  was  perfected,  is  chosen  as  the  limit  It  ia  tnie 
that  there  is  some  dispute  concerning  this  matter,  vith 
which  we  are,  however,  not  vitally  concerned  at  piesent. 

On  the  whole,  the  desirability  of  strict  adherence  to  priority 
scorns  to  be  very  generally  admitted,  though  now  and  again 
we  do  meet  with  instances  of  disregard  to  this  mle  in  cases 
where  there  is  really  no  need  for  uncertainty  as  to  its 
application.' 

The  whole  principle  has,  however,  so  far  as  specific  names 
are  concerned,  been  recently  boldly  attacked  by  Mi  Seebohm, 
who,  in  the  introduction  to  his  "  History  of  British  Biids^" 
maintains  that  the  specific  name  to  be  adopted  is  not 
necessarily  that  which  was  first  proposed,  but  that  which 
has  been  oftenest  used.  Mr  Seebohm's  names  are  all 
auctarum  plurimorum,  and,  "under  this  system,  no  new 
names  can  possibly  be  raked  up  and  applied." 

It  is  impossible  not  to  feel  some  amount  of  sjrmpatby  with 
those  who  feel  unwilling  to  coat  aside  a  widely -known  natiM 
because  an  older  one  has  been  "raked  up,"  or  who  find, 
in  the  adoption  of  the  pltiHwiorum  mutorum  principle,  the 
readiest  solution  of  all  tlie  disputes  as  to  the  identity  of 
species  imperfectly  or  erroneously  described  by  older  writers. 
But  surely  it  is  now  time  that  ornithologists  and  other 
specialists  had  arrived  at  some  conclusions  as  to  which  of 
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than  the  trouble  occasionally  arising  from  the  restoration  of 
old  names,  which  ought  in  reality  never  to  have  been  lost 
sight  of. 

But  what  is  necessary  to  secure  priority  ?  Not  merely  the 
giving  of  a  name  to  a  specimen  in  a  collection,  nor  even  the 
publication  of  such  a  name,  unless  there  be  also  published  a 
description  which  is  sufficiently  intelligible  and  definite  to 
enable  the  specialist  who  is  conversant  with  the  particular 
group  to  identify  the  form  in  question.  Some  would  also 
require  a  figure  to  be  given,  but  I  must  demur  to  that  being 
an  essential  condition.  No  doubt  a  figure  is  a  great  aid  to 
certainty,  but  so  in  a  much  higher  degree  is  the  ocular 
inspection  of  the  type,  which  must  often  be  resorted  to  when 
even  figures  faU.  But  MS.  names,  and  names  published 
without  descriptions  or  figures,  have  no  tight  to  priority 
whatever.  Though  it  is  indeed  a  graceful  act  for  an  author 
to  recognise  and  adopt  MS.  names  when  he  has  the 
opportunity  of  desoiibing  the  Bpecimens  to  wMch  they  have 
been  applied,  they  cannot  possibly  stand  in  cases  where 
other  names  have  been  already  given  by  authors  independ- 
ently, and  published  with  descriptions.* 

The  next  question  is  —what  constitutes  publication  ?  And 
here  I  fear  that  some  confusion,  or  at  least  difierence  of 
opinion,  exists  in  the  minds  of  many  people.  The  rules  of 
the  British  Association  demand  that  the  description  shall  be 
inserted  in  a  printed  book,  and  here  I  fully  agree,  with  the 
addition  that  the  printed  book  ought  also  to  be  had  for  sale. 
Many  people  hold  that  priority  may  date  from  the  reading 
of  a  paper  at  a  scientific  meeting,  even  thougli  it  might  not 
have  been  published  for  months  afterwards.  Well,  that  may 
do  very  well  as  far  as  the  general  credit  of  scientific  dis- 
covery is  concerned,  but  the  priority  of  a  name  is  not  a 
matter  of  credit,  but  of  rule.  Even  as  regards  credit,  the 
■  thing  is  not  satisfactory.  Could  we  ensure  that  all  scientific 
*  Tbis  principlEi  dou  not  seem  to  have  beeu  understood,  certainly  not 
aocept«d,  bj'  Ur  J.  W.  Davis  in  writing  hiB  recent  woik  od  tba  Gslies  of  the 
CurboDiferous  Linicstoue,  iu  wbii:h  lie  iuaiats  on  restoring,  on  the  pica  of 
"  priority,"  IIib  mere  MS,  nauiu  CUulacanUnui  parnHoxia  of  AgaasiE  which  had 
bec[i  quite  legally  «uper^vded  hy  the  name  Sriamacnnthaa  Juncsii  given  by 
M'Coj. 
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societies  tliroughout  the  world  would  insist  on  the  paper 
being  delivered  complete  to  the  secrataiy  hefoie  it  is  read, 
and  would  forbid  all  subset^uent  altetationa  and  additions; 
something  might  be  said  on  belialf  of  this  view.  But  in  the 
case  of  only  too  many  societies,  the  aathor  may  retain  his 
MS.  for  weeks,  often  for  months  after  the  nominal  reading — 
sometimes  only  a  few  words  of  extemporary  explanation, — 
has  taken  place,  during  which  time  he  is  at  liberty  to  oook 
it  as  he  chooses.  It  may  be  said  that  we  most  aasnme  all 
men  of  science  to  be  likewise  men  of  honour,  bat  names  may 
be  inserted  into  a  paper  between  its  reading  and  publicatioD, 
without  any  intentional  design  to  rob  others  of  their  right 
trf-pnority,  though  that  might  indeed  often  be  the  con- 
sequence if  priority  were  suffered  to  date  from  the  nominal 
time  of  reading. 

Before  leaving  the  subject  of  priority  I  must  allode  to 
tlie  practice  of  altcrii^  an  old  specific  name  when  that 
name  has  been  elevated  to  the  rank  of  a  generic  ona  For 
example,  Cyprinaa  caraaaiua  of  Linnteus,  the  Prussian  oarp, 
received  afterwards  the  name  of  Caraesita  mUgaru  (Willaon), 
the  authority  of  Linnieus  for  the  species  being  consequently 
alb^ether  lost.  The  rules  nevertheless  in  1842  authoriae 
such  a  change,  on  the  ground  of  the  inelegance  of  sach  a 
combination  as  Carassius  car<iasins,  but  it  seems  to  me  that 
the  inel^iance  is  of  much  less  importance  than  the  un- 
warrantable interference  with  the  law  of  priority  involved  by 
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with  recommendation  i,  which  deprecates  the  propounding 
of  names  of  "  harsh  and  inelegant  pronunciation."  The 
outside  public  are  too  ready  to  denounce  as  "jawbreakers" 
even  really  elegant  names  of  classical  origin;  how  they  can 
relish  sucli  terms  as  £natioHm/nasauru3  crocodUiccp?utloides, 
which  the  committee  quote  as  an  example,  may  be  imagined! 
And  that  the  making  up  of  such  cacophonic  names  is  by  no 
means  a  thing  of  the  past,  any  one  may  convince  himself  by 
looking  into  some  of  the  biological  literature  constantly 
issuing  from  the  press.  Our  poet  laureate,  Lord  Tennyson, 
in  portraying  the  feelings  of  a  person  contemplating  a  lovely 
shell  which  he  has  picked  up  on  the  sea  shore,  makes  him 
say: 

"  WLat  is  it  ?  a  learned  man 
Could  Ki»o  it  B  clumsy  nanii;. 
Let  him  name  it  who  can, 
Tlie  beauty  would  hp  the  Eamv." 

Scientific  names  are  indeed  not  given  to  organisms  with 
the  object  that  they  may  fit  into  lines  of  poetry,  or  indeed 
be  used  in  non-scientific  writing  at  all;  but  at  the  same  time 
it  la  not  desirable  that  they  should  be  of  such  a  form  as  to 
outrage  the  susceptibilities  of  those  who  happen  to  possess 
musical  ears. 

But  I  am  not  so  sure  that  I  can  equally  well  agree  wit.li 
them  in  tlieir  denunciation  of  what  they  call  "nonsense 
names,"  that  is,  "names  coined  at  random,"  without  any 
dei'ivation  whatever,  such  as  Assimima.ov  Spisula,or  anagrams 
of  other  generic  names  such  as  Dacelo  from  Alcedo.  Most 
writers  who  have  occasion  to  propose  new  genera,  know  by 
sad  experience  the  difficulty  of  making  up  names  for  them 
from  their  Greek  dictionaries,  and  how  that  when  one  has 
fixed  upon  some  salient  feature  demanding  the  institution  of 
the  genus,  and  compounded  a  nice  euphonious  name  to  express 
it,  one  is  pretty  sura  to  find,  on  testing  it  by  reference  to  the 
"  Nomenclator,"  that  it  is  long  ago  preoccupied  by  some  beetle 
or  bee,  or  something  of  that  sort.  In  fact  ao  enormous  is 
the  number  of  genera  already  proposed,  that  unless  we  con- 
sent to  the  repetition  of  the  same  name  in  diO'erent  divisions 
of  the  Animal   or   ^'egetable   Kingdoms,  the   difficulty  of 
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devisiag  nataes  not  preoocapied  is  immense.  If,  then,  a 
person  with  a  good  musical  ear  iavents  a  nicely  aooiidiiig  woid 
of  classical  form,  surely  it  is  as  good  as  some  cacopfaonoos 
"jawbreaker,"  whatever  be  its  derivation.  Here  my  feeling 
is  that  a  name  is  a  name,  and  nothing  else. 

Another  rule  or  recommendation  in  the  fint  set  of  rnlea  of 
1842,  to  which  I  must  take  exception,  thoogh  after  oil  the 
matter  is  not  one  of  very  vital  importance,  is  that  all  ^>edfic 
names  whatever,  even  if  derived  from  persons  or  places,  most 
be  written  with  a  small  initial  letter.  I  thoronghly  fail  to 
appreciate  the  use  or  advantage  of  this,  even  for  the  reasons 
given  by  the  committee,  and  it  does  look  very  ridicoloos  to 
an  eye  accustomed  to  proper  names  being  spelt  with  a  capital 
in  all  European  languages,  to  meet  with  such  a  form  as 
ApkrocallisCes  hocagei,  after  Professor  Socage.  Although  by 
the  revision  of  1865,  this  rule  ceased  to  be  binding,  we  find 
it  still  extensively  adhered  to  by  natoialists  in  this  coontry. 

We  now  approach  a  subject  of  great  importance,  regarding 
which  the  greatest  difference  of  opinion  and  practice  exists 
among  naturalists,  tliat  is,  regardit^  the  name  of  the  aathor 
to  be  placed  as  "authority"  after  the  double  name  of  a  plant 
or  animal.  Although  it  has  been  remarked  that  it  was  a 
"  Pandora's  box  let  loose  upon  science,"  when  the  practice  of 
appending  the  authority  to  a  name  was  introdoced,  yet  the 
reason  for  doing  it  is  perfectly  obvious.  If  the  object  of 
scientific  nomenclature  is  to  secure  accuracy  and  precision, 
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was  in  all  cases  to  quote  the  author  of  the  combination  only, 
whether  he  was  the  original  describer  of  the  species  or  not, 
and  this  method  is  still  used  by  many  naturalists,  including, 
I  understand,  all  botanists.  But  the  plan  adopted  by  the 
British  Association  committee  was  in  all  cases  to  quote  only 
the  name  of  the  author  of  the  species ;  where,  however,  the 
species  had  been  removed  to  another  genus,  to  add  the  letters 
"sp."  to  show  that  his  responsibility  stopped  with  the  species. 
The  reasons  given  are — lat,  that  to  quote  the  then  authority 
for  the  new  combination  alone  is  to  rob  the  author  of  the 
species  of  his  due  credit ;  2d,  that  "  by  giving  the  authority 
for  the  specific  name  in  preference  to  all  others,  the  inquirer 
is  referred  directly  to  the  original  description,  and  is  at  the 
same  time  reminded  of  the  date  of  its  discovery,  habitat,  etc., 
of  the  species,  while  genera  being  leas  numerous  than  species, 
may  be  carried  in  the  memory  or  referred  to  in  systematic 
works,  without  the  necessity  of  perpetually  quoting  their 
authorities."  Professor  Alexander  Agassiz,  in  his  intro- 
ductory remarks  to  the  Revision  of  the  Echini,  takes  exception 
to  the  "  credit "  view  of  the  case,  and  says  that  the  author  of 
the  combination  is  quoted  simply  to  show  that  in  his  works 
the  placing  of  the  species  imder  the  genus  will  be  found,  and 
that  in  the  table  of  synonyms,  which  he  will  probably  give, 
the  reference  to  the  original  description  will  be  found.  And 
our  Mends  the  botanists  declare  that  to  call  a  plant  Semch 
avdrogyna,  Linnxus,  is  an  untruth,  because  that  was  not  the 
name  given  to  it  by  Linnjeus,  who  on  the  contrary  called 
it  Bxiseus  ajidrogynus. 

I  must  agree  with  Professor  A.  Agassiz  so  far  that  the 
question  of  "credit"  should  not  be  entertained,  and  I  con- 
sider that  its  introduction  by  the  Committee  of  the  British 
Association  was  a  mistake.  Though  it  may  be  verj'  right 
that  an  author  should  get  due  credit  for  what  he  has  done 
for  science,  yet  the  quotation  of  the  authority  for  a  name  is 
not  a  matter  of  credit,  but  of  precision  and  convenience. 
Nevertheless,  I  must  emphatically  take  the  side  of  the 
Committee  in  the  plan  which  tliey  proposed,  and  which 
has  met  with  approval  from  a  large  body  of  naturalists, 
especially  in  Great  Britain. 


288  Proceedingt  of  the  lioyai  Physical  Society. 

To  my  miad  the  leal  and  essential  name  of  ao  aoimaL  or 
plant  is  its  specific  one,  which  ought  by  no  means  to  be 
called  a  "  trivial "  name  as  was  done  by  liuueui^  and  the 
generic  name  is  simply  one  added  to  show  its  close  relation- 
ship to  allied  forma  as  well  as  ita  distinction  from  other 
species  which  may  possess  the  same  name.  We  might  also 
add  the  name  of  the  family,  order,  and  ao  on,  bat  this  would 
occupy  too  great  a  apace,  and  is  rendered  onneceasary  by  the 
law  which  forbids  the  uae  of  generic  names  already  pre- 
occupied. 

It  is  true  that  this  view  of  the  case  is  somewhat  obecored 
by  the  fact  that  generic  names  are  always  substantive,  while 
specific  ones  are  nsoally  either  adjective  or  in  the  genitive 
case,  which  gives  an  appearance  as  if  the  real  and  fundamental 
name  of  the  organism  were  the  generic  one,  and  the  specific 
one  merely  added  to  designate  a  variety.  This  is,  however, 
a  purely  conventional  arrangement,  which  does  not  affect 
the  true  nature  of  the  case,  which  is  clearly  evident  when 
we  consider  that  the  name  of  the  species  is  by  the  rule  of 
priority  unalterable,  while  the  combination  is  not  subject  to 
any  such  law.  Hence,  in  testing  the  accuracy  of  any  identi- 
fication, it  ia  fundamentally  necessary  to  go  back  to  the 
original  description  of  the  species,  all  subsequent  generic 
combinations  being  merely  expressions  of  the  opinions  of 
individual  authors  as  to  the  position  and  clasaification  of  the 
organism  in  question.      Accordingly,  cousidering  that  the 
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been  frequently  used — I  see  Mr  Hoyle  adopts  it  in  his 
"Catalogue  of  British  Ophiuroidea,"  which  has  just  appeared 
in  our  Proceedings — namely,  that  of  writing  the  authority  for 
the  combination  immediately  after  the  specific  name,  and 
besides  that  appending  the  name  within  brackets  of  the 
original  describer  of  the  speciea.  The  principal  objection 
which  I  have  to  this  plan  is,  that  I  consider  it  cumbrous  and 
really  unnecessoiy. 

Though  there  are  many  of  us  who  are  still  quite  content 
with  the  good  old  Linnjean  plan  of  Laving  two  names  for 
every  organism,  there  are  others  who  are  not  quite  satisfied 
with  two,  but  in  some  cases  would  like  three,  if  not  four. 
Hence  the  discussion  on  "trinomial  nomenclature"  which 
took  place  in  the  Natural  Histoiy  Museum  in  London  in 
June  last,  to  which  I  have  already  refen-ed. 

Now,  there  are  two  kinds  of  triuomialism.  The  first 
works  by  the  institution  of  subgenera.  When  the  species  of 
a  large  genus  can  be  arranged  in  subordinate  groups,  suh- 
ffeneric  titles  are  instituted  for  these;  and  each  of  the  species, 
except  those  of  the  typical  subdivision,  comes  to  have  three 
names — the  first  generic,  the  second  subgeneric  in  partjnthesis, 
and  the  third  specific. 

To  this  I  fee!  quite  averse,  as  being  an  unnecessary  inter- 
ference with  the  shortness,  conciseness,  and  convenience  of 
the  binomial  system.  If  the  groups  in  question  are  suffi- 
ciently distinct  from  each  other — well,  that  is  a  case  for 
subdivision,  reserving  the  old  generic  name  for  the  typical 
group,  and  instituting  new  genera  for  the  others,  as  I  myself 
felt  constrained  to  do  with  the  genus  Palcconiscus  of  Agassiz. 
But  if  they  are  not,  I  see  no  adequate  reason  for  compli- 
cating our  good  old  system  by  sticking  in  a  third  name  in 
brackets,  though  in  systematic  works  or  catalogues  the 
species  under  any  genus  may  be  grouped  in  any  way  the 
author  pleases,  provided  the  type  species  comes  first. 

This  form  of  triuomialism  was  alluded  to  at  the  meeting 
at  the  British  Museum  by  Dr  Woodward,  and  defended  by 
hiui  on  the  ground  that  the  thorough  breaking  up  of  the  old 
genera,  such  as  Ammonites,  into  new  ones,  increased  the 
labour  of  the  student,  who  was  already  hampered  with  too 
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many  names ;  and  so  the  insertioii  of  a  thiid  name,  which 
might  not  be  insisted  on  as  a  matter  of  instruction,  vas 
convenient  Having  had  a  little  experience  hotii  of  being 
examined  and  of  examining  in  tnm,  I  can  cordially  sym- 
pathise vrith  the  stndent,  preparing  for  his  trials,  in  any 
complaint  of  "  overpiessnre."  Bat  the  question  of  how  fax 
he  is  to  master  the  details  of  nomenclature,  or  how  many 
scientlSc  names  he  is  to  cram  up,  seems  to  me  to  be  one  for 
the  teachers  and  examiners  rather  than  for  the  working 
scientists.  From  my  own  experience,  I  rather  fear  that  the 
ordinary  student  is  more  oppressed  by  the  recent  advances 
in  comparative  anatomy  and  embryology  than  by  the 
number  of  generic  names  which  he  has  to  learn. 

But  the  trinomial  system  chiefly  discussed  at  the  meeting 
referred  to  is  not  connected  with  "  subgenera,"  but  witii 
"  sabspeciea."  Bearing  in  mind  the  only  practicable  defini- 
tion of  a  species,  namely,  a  form  which  has  not  yet  been 
positively  shown  to  intergraduate  with  any  other — (if  we  are 
evolutionists,  we  believe  that  the  connecting  links  have  been 
lost ;  if  we  are  not,  we  believe  they  have  never  existed) — it 
has  long  been  a  recognised  fact  that  under  these  species 
subordinate  forms  or  "subspecies"  occur,  often  distinct 
enough  when  extreme  forms  are  compared,  but  passing  into 
each  other  when  a  well-selected  series  is  put  under  observa- 
tion. These  "  subspecies "  belong  to  quite  a  different 
category   from   accidental   varieties   or   sports,   being  char- 
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posed.  Another  way  has  been  long  ago  proposed  and  used 
by  some  naturalists,  and  has  lately  been  brought  into  con- 
siderable prominence  by  ornithologists  in  America,  especially 
by  Dr  Coues,  the  eminent  author  of  the  "  Key  to  the  North 
American  Birds."  This  plan  consists  in  omitting  the  term 
"  var.,"  the  aubspecific  term  being  simply  added,  so  as  to 
become  an  integral  part  of  the  name  of  the  organism,  which 
accordingly  becomes  trinomial,  or  composed  of  three  words. 

Dr  Gunther,  for  instance,  in  his  "  Catalogue  of  Fishes,"  uses 
the  expression  Salmo  fario  gaiviardi  to  designate  the  variety 
of  the  common  trout  characteristic  of  Scotland  and  the 
northern  parts  of  Europe,  while  that  of  England  and  the 
central  parts  of  Europe  he  calls  Salmo  fario  ausonii. 

Example  of  birds,  from  the  beginning  of  Cones'  new 
"  Check  list"  of  North  American  birds : 

Turdus  migratoTius,  Linn. — The  Kobin, 

„  „  propifiquv^,    Ridgway — Rocky    Moun- 

tain Robin. 
„  „  coiifinis  (Baird),  Coues — St  Lucas  Robin. 

Of  course  there  are  two  primary  objections  to  this  plan, 
namely,  that  there  must  be  a  considerable  amount  of  arbi- 
trariness in  selecting  particular  varieties  or  subspecific  forms, 
as  I'equiring  or  worthy  of  a  third  authoritative  name ;  and 
secondly,  that,  having  fixed  upon  these,  the  transitional 
forms  are  left  out  of  account.  To  meet  the  latter  objection, 
Mr  Seebohm  proposed  a  supplementary  plan  of  his  own, 
amounting,  in  fact,  to  a  quadrinomial  system,  That  is  to 
aay,  in  order  to  indicate  and  include  the  intermediate  links 
between  two  subspecific  forms,  he  would  append  to  the  name 
of  the  species  two  subspecific  names  joined  by  a  hyphen. 

E.g.,  CincUts  aquaticus  melanogaater  (Scandinavia). 

„  „         melanogasler-sibicoMia  (W.  and  Central 

Europe). 
„  „         albicollis    {S.    Spain,    Algiers,    Italy, 

Greece). 
„  „        fl^Wco/Zis- cash  mine  nsis. 

„         leucogaater  (E.  Siberia). 
VOL.  viii.  T 
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JS^.,    dnclua    aquaiicua    feucojraster-casbmmeDsis     (Central 
Siberia). 
„  „  cashmirienaiB  (Cashmere,  S.  Siberia 

and  Mongolia). 
»  „  ouAmtrtennS'&ordiduB  (Altai). 

„  „  aordidus  (Thibet). 

Well — I  hardly  think  that  the  time  has  yet  come  for  any 
radical  interference  with  the  binomial  system,  which  has 
worked  so  well  from  the  time  of  Linneeas  to  onr  own,  not- 
withstanding all  its  defecta  No  doubt  if  the  doctrine  of 
descent  be  tme,  and  if  we  had  the  whole  genealogy  of  living 
and  extinct  forms  before  us,  all  definition  of  species,  geiketa, 
families,  and  so  on,  would  be  absolutely  impossible;  not 
merely  the  binomial  system  would  be  found  insufficient,  bat 
also  the  trinomial  and  even  Mr  Seebohm's  four  names  would 
fail  to  effect  their  purpose.  It  is  in  fact  the  imperfection  of 
the  record  which  enables  us  to  give  names  at  all,  and 
naturally  our  difficulties  increase  the  more  the  progress  of 
research  among  recent  and  fossil  forms  brings  to  light  a  little 
more  of  the  record  previously  unknown  to  us. 

The  use  of  generic  and  specific  names  will,  however,  I  fear 
be  long,  indeed,  not  merely  practicable,  but  necessary,  and 
meanwhile  I  think  it  will  be  much  better  for  us  to  keep  to 
the  binomial  system,  and  to  limit  the  authoritative  names  to 
forms  whigli.so  far  as  we  can  judge,  are  "  ijood  specica,"  deal- 
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might  we  not  expect  them  to  do  if  the  adoption  of  a 
trinomial  Bfstem  afforded  them  further  scope  for  their 
faculiiea  ? "  If  the  system  could  be  brought  into  palaeontology, 
what  might  we  not  expect  of  people  who  make  new  species 
upon  broken  fish  teeth  ?  They  would  rush  at  the  new  system 
with  hungry  avidity,  and  the  results  might  not  conduce  to 
the  progress  of  science. 

Before  concluding  these  somewhat  rambling  remarks  on 
Nomenclature,  I  would  desire  to  say  a  few  words  on  a  some- 
what interesting  subject,  namely,  the  attempt  sometimes 
made  to  substitute  vernacular  names  for  Latin  ones  in 
systematic  Biology.  Here  I  shall  content  myself  with  our 
own  langu^e,  and  the  subject  as  it  occasionally  manifeste 
itself  in  English  books. 

Some  excellent  and  well-meaning  writers,  who  are  of 
coarse  well  aware  of  the  necessity  of  scientific  names,  never- 
theless seem  to  be  persuaded  that  these  names  act  in  deter- 
ring ordinary  people  from  the  study  of  Natural  History. 
Perfectly  aware  also  that  the  mass  of  organisms  known  to 
science  neve?  bad  English  names,  and  that  the  names  of 
such  as  have  them  are  from  want  of  precision  useless  in 
scientific  work,  they  set  themselves  to  work  out  systems  of 
English  names,  which,  aiming  at  the  same  sort  of  precision 
as  the  Latin  ones,  shall  be,  like  them,  binomial  or  strictly 
generic  and  specific  in  form.  We  thus  have  systems  of 
names  made  up  in  which  ordinary  vernacular  names  are 
utilised  to  a  considerable  extent,  yet  of  course  it  is  con- 
stantly found  that  such  common  names  do  not  exist  at  aU, 
or  if  they  do,  that  they  will  not  fit  in  with  the  scientific 
limitations  and  precision  of  the  various  genera  dealt  with, 
consequently  new  names  have  to  be  coined,  often  by 
anglicising  the  Latin  ones  or  by  translating  them,  or  by  adopt- 
ing them  bodily  as  English  words.  And  as  these  names  in 
imitation  of  the  scientific  ones  must  be  binomial,  animals 
and  plants  which  used  to  have  only  one  like  the  Jackdaw, 
must  needs  have  two,  so  we  must  say  the  Jackdaw  Crow ! 
The  result  is  a  set  of  names  which  are  mostly  as  unknown 
to  the  public  as  those  which  they  are  meant  to  replace. 

To  take  an  example  &om  Botany,  the  late  Mr  Bentliam  in  his 
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"  Handbook  of  the  British  Flora,"  a  work  "  apecially  destsned 
to  assist  the  unscientific  botanist  in  the  determiuation  of 
British  Plants,"  though  indeed  a  very  considerftble  amonnt  of 
scientific  knowledge  is  necessary  to  rightly  underatand  and 
use  the  terms  employed  in  the  descriptions,  has  made  up  a 
set  of  English  names,  to  which  he  gives  precedence  even  over 
the  Latin  ones,  and  in  framing  which  he  babitoally  thrusts 
aside  the  real  vemacular  names  of  the  plants.  Thus  in 
order  that  the  species  of  Lyehnia  may  have  a  common 
generic  name,  he  adopts  Lychnis  as  an  English  word,  and  so 
the  White  Campion  becomes  the  White  Lychnis,  the  Bed 
Campion  the  Red  Lychnis,  the  Corncockle  the  Com  Lychnis, 
the  Bagged  Bobin  tlie  Meadow  Lychnis,  the  Common  Chick- 
weed  is  the  "  Chickweed  Starwort,"  but  as  the  Moose-car 
Chickweed  belongs  to  another  genus,  we  must  call  it  the 
"  Common  Cerast." 

Then  for  an  example  in  Zoology.  In  M<Gilliviay'8  "  British 
Birds,"  we  find  a  system  of  English  names  on  the  same 
principle,  where  the  Long-Eared  Owl  becomes  the  Mottled 
Tufted-Owl,  the  Short^Eared  Owl  the  Streaked  Tnfted-Owl, 
the  Scops-Eored  Owl  is  the  Aldiovandine  Owlet,  the  Snowy 
Owl  the  Snowy  Day  Owl,  the  Little  Owl  the  Bare-toed  Day 
Owl,  and  so  on. 

The  great  objection  to  this  idea  is,  that  it  serves  no  poipose. 
When  we  talk  or  write  about  organisms  from  a  scientific 
joint   of  view,   we   must   and   will   use    the    current   and 
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well-recognised  English  names  where  such  exist ;  and  where 
they  do  not,  it  may  be  occasionally  desirable,  as  well  as 
harmless,  to  coin  new  ones.  Occasionally,  also,  the  native 
names  of  important  foreign  species  may  be  given.  I  only 
protest  against  the  futility  of  attempting  to  imitate  or  supplant 
the  scientific  names  by  a  system  of  English  ones  invented 
and  cooked  for  the  purpose. 

Many  scientific  generic  names  of  plants  have,  of  their  own 
accoi-d,  become  naturalised  in  our  English  speech,  such  as 
geranium,  rhododendron,  calceolaria,  but  in  some  cases  have 
become  attached  to  the  wrong  plant  in  the  most  absurd  way. 
Nasturtium,  tlie  generic  name  of  the  watei'-cress,  a  genus  of 
Cruciferae,  is  now  universally  applied  to  the  Indian  cress — 
TToptEolum  majus — a  member  of  a  perfectly  different  order, 
Tropnsoliacefe ;  while  Syringa,  the  generic  name  of  the  lilac, 
is  applied  as  a  familiar  term  to  the  mock  orangeblossom, 
PhiUuldphus  coroiiaria.  Against  such  misapplication  of 
terms  we  have  certainly  a  strong  right  to  protest. 

And  now,  gentlemen,  it  is  time  for  me  to  fulfil  the  duty  of 
resigning  this  Chair,  to  which,  three  years  ago,  you  did  me  the 
honour  of  electing  me  for  a  second  time — an  honour  for 
which  you  have  my  most  sincere  and  heartfelt  thanks.  To 
preside  at  the  meetings  of  the  Society,  from  which  I  derived 
my  first  idea  of  the  ways  and  doings  of  the  scientific  world, 
has  been  to  me  a  source  of  pride  and  satisfaction  ;  and  I  can 
only  wish  for  the  Society  a  further  career  of  usefulness  and 
prosperity,  and  that  its  Chair  may  in  the  future,  as  in  the 
past,  be  occupied  by  a  line  of  Presidents  much  more  worthy 
of  the  honour  than  myself. 


XXI.  Method  of  Consolidating  and  Prepariwj  Thin  Sections  of 
Friable  and  Decomposed  Bocks,  Sands,  Clays,  Oozes,  and 
other  Qi-anulated  Substances.  By  Fiied.  G.  Pearcey, 
Esq.,  of  the  "  Challenger  "  Expedition.     [Plate  XI.] 

(Head  17th  December  1884.) 
During  the  cruise  of  H.M.S.  "  Challenger,"  a  large  collec- 
tion of  oceanic  deposits  was  obtained,  among  which  were 
many   concretions,  soft  fossiliferous  limestones,  decomposed 
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rocks,  pumice  and  manganese  nodules,  voloaiiia  tUhria, 
minerale,  satida,  cla^,  and  oozes.  On  examination  of  a 
great  man;  of  these  specimens,  it  was  found  impossible  to 
determine  their  structure  accurately  without  inAlring  trana- 
parent  sections  of  them ;  and  on  account  of  their  extreme 
friability  this  was  found  quite  impossible  by  the  usual 
method  of  preparing  rock  sections,  namely,  by  the  lapidary's 
wheel  It  was  therefore  necessary  to  find  some  method  of 
rendering  them  hard  and  compact,  so  that  they  could  be  sub- 
jected to  this  process.  To  attain  this  end,  experiments  were 
made  with  various  substances,  and  after  many  failures  and 
much  labour  a  method  was  devised,  which  has  proved  bqc- 
cessful,  and  will  be  of  great  service  to  minerali^ts,  geolo- 
gists, and  others  in  investigating  the  composition  of  soft 
rocks,  sands,  etc. 

I  have  received  Mr  Murray's  penniseion  to  describe  the 
method  finally  adopted.  The  principle  of  the  meUiod  con- 
sists in  the  introduction  of  some  foreign  substance  to  cement 
the  grains  together,  and  make  the  material  to  be  examined 
hard  and  compact,  before  it  can  be  ground  or  cut  into  thin 
and  transparent  sections.  The  method  is  carried  out  by 
soaking  the  substances  of  which  sections  aie  desired  in  a 
solution  of  gum  copal  in  ether,  and  then  evaporating  the 
ether — a  method  which,  I  understand,  is  in  use  by  some 
naturalists  for  making  sections  of  the  hard  parts  of  Ecbino- 
derms. 
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liquid,  and  is  then  ready  for  immediate  use.  I  find  nothing 
else  will  dissolve  the  gum  copal  ho  well ;  other  things  which 
were  tried  only  caused  it  to  form  a  thick  white  gelatinous 
mass,  quite  unfit  for  the  purpose  required,  and  care  should 
always  be  takeu  to  procure  the  beat  gum  copal,  as  some 
kinds  dissolve  more  readily  than  others. 

The  substance  required  to  be  hardened  should  be  first 
well  dried  in  a  porcelain  dish  (PI.  XI.,  Fig.  4,  a,  b)  upon  a  hot 
iron  plate  placed  upon  a  tripod  stand  over  the  flame  of  an 
ordinary  Bunsen  burner.  The  material  is  next  placed  in  a 
porcelain  crucible  (PI.  XL,  Fig.  3,  a),  varying  in  size  according 
to  the  amount  of  substance  reqimed.  About  twice  the  volume 
of  the  solution  of  gum  copal  and  ether  should  then  be  poured 
upon  it,  always  taking  care  to  press  the  stopper  of  the  bottle 
well  in  afterwards,  Tliis  part  of  the  work  should  never  be 
done  near  a  fire  or  gas  light 

The  crucible  containing  the  substance  is  next  placed  upon 
the  hot  iron  plate,  care  being  taken  to  have  a  slow  or 
moderate  heat  at  first,  and  to  allow  the  mass  to  sinmier  till 
the  ether  has  partly  evaporated,  when  a  greater  heat  may  with 
safety  he  applied.  If  the  substance  be  a  fine  sand  or  ooze 
of  any  kind,  it  must  be  well  stirred  with  a  needle-point  or 
small  knife,  otherwise  it  will  stick  to  the  bottom  of  the 
crucible,  and  not  allow  the  gum  copal  to  mix  with  it.  If  the 
specimen  to  be  hardened  be  a  soft,  porous,  or  decomposed 
rock,  it  will  only  be  necessary  to  turn  it  a  few  times,  so  that 
tlie  solution  may  thorouglily  penetrate  all  the  porea.  Great 
care  must  also  be  taken  during  this  part  of  the  operation,  as 
the  cement  ia  of  a  very  inflammable  nature,  and  therefore 
caution  is  essential  not  only  in  stirring,  in  consequence  of 
the  gum  having  a  tendency  to  stick  to  the  sides  of  the 
crucible,  but  also  in  removing  the  -stirring-needle  to  avoid 
contact  with  the  flame.  To  prevent  overturning  the  crucible, 
a  atrip  of  stout  tin,  slightly  narrower  than  the  depth  of  the 
crucible,  and  bent  round  so  as  to  make  one  end  overlap  the 
other,  80  that  the  crucible  fits  in  firmly  (P].  XL,  Fig,  3,  I),  ia 
very  useful.  This  keeps  it  perfectly  steady,  and  can  be  taken 
off  after  the  substance  has  been  boiled  sufficiently. 

After  nearly  all  the  ether  has  evaporated,  the  substance,  if 
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it  be  of  &  granular  nature,  shonld  form  a  thick  stringy  mass 
when  stirred,  and  the  operator  ahould  then  be  able  to  judge 
whether  sufficient  of  the  gum  remains  to  cement  the  grains 
together;  if  too  much  has  heen  applied,  more  of  the  snh- 
staoce  and  a  small  qaantitj  of  pure  ether  most  be  added, 
and  the  whole  boiled  over  afresh.  This  mistake,  however, 
seldom  happens  after  a  little  practice.  When  there  is  a 
sufficiency  of  gum,  the  mixture  should  be  kept  boiling  and 
well  stirred  till  it  becomes  of  a  reddish  or  brown  colour ; 
sometimes  it  is  difficult  to  discern  tlie  colour,  as  the  snbatance 
interferes  with  it,  but  it  can  be  seen  in  most  cases.  The 
operator,  however,  can  easily  ascertain  whether  it  has  been 
sufficiently  boiled  and  baa  attained  the  uecessary  coDsistency, 
by  taking  a  little  out  on  the  point  of  a  knife,  and  rapidly 
cooling  it  by  pressing  against  some  cold  surface,  or  holding 
it  a  short  time  in  water.  If  it  hardens  immediately  it  has 
been  boiled  enough. 

The  crucible  can  now  be  taken  off  the  hot  plate,  and  while 
yet  warm  the  substance  should  be  scraped  out  with  a  knife, 
and  rolled  or  pressed  with  the  fingers  into  an  oblong  mass ; 
it  is  then  ready  for  moulding,  or  it  can  be  laid  aside  and 
moulded  at  any  time  by  gradually  softening  on  a  piece  of 
glass  or  in  a  porcelain  dish  upon  the  hot  iron  plate.  The 
moulds  are  easily  made  by  cutting  strips  of  ordinary  tin  four 
inches  long  and  three-quarters  of  an  inch  wide,  bent  tightly 
over  a  round  iron  rod  three-quarters  of  an  inch  in  diameter. 
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hot  plac«  the  auLstence  in  the  mould  and  press  it  firmly  in 
with  the  presaer  (PL  XI.,  Fig,  2),  taking  care  to  let  as  little  as 
possible  of  the  substance  escape  from  the  bottom.  This  may 
be  to  a  great  extent  prevented  by  holding  the  mould  down 
with  the  back  of  a  knife  with  the  left  hand,  and  pressing  in 
the  substance  with  the  right. 

This  done,  take  the  whole  off  the  plate  smartly,  with  the 
glasa  attached,  and  press  it  on  another  flat  slab  or  iron  plate 
with  the  left  hand,  and  with  the  right  pour  on  a  little  cold 
water,  when  it  will  immediately  set  hard.  Next  place  the 
whole  in  cold  water  for  two  or  three  minutes,  after  which 
the  piece  of  glass  at  the  bottom  can  be  knocked  or  broken 
off;  then  loosen  the  wire  which  fastens  the  mould  together, 
and  open  it  a  little  (H,  XI.,  Fig.  1,  a);  the  moulded  substance 
will  then  drop  out  in  the  form  of  a  very  hard  moss,  and  is 
ready  to  be  cut  into  sections.  After  a  little  practice,  the 
whole  operation  can  be  done  in  an  hour. 

Pbepabation  op  the  Sections. 

Kub  down  and  polish  one  end  of  the  moulded  substance, 
first  upon  a  common  bone,  with  a  slow  equable  motion  and 
a  steady  pressure,  ao  as  to  produce  the  desired  flatness  of 
surface,  and  afterwards  upon  a  Water-of-Ayr  stone  to  give  a 
fine  polish.  It  must  be  held  quite  Sat,  so  as  to  prevent  the 
stones  from  getting  worn  into  a  hollow,  when  it  will  be  im- 
possible to  get  a  perfectly  flat  surface. 

The  desired  flatness  and  polish  having  been  secured,  pro- 
ceed to  cement  with  Canada  Balsam  the  polished  surface  on 
an  ordinary  glass  slide  3x1  inches,  or  according  to  the  size 
of  the  sections  required.  This  is  done  in  the  same  way  as 
with  hard  rocks,  but  great  care  must  at  first  be  taken  not  to 
have  the  slide  too  hot,  or  the  balsam  will  become  too  brittle. 
After  having  been  properly  mounted,  it  should  be  cemented 
round  with  a  composition  formed  of  four  parts  of  resin  and 
one  of  bees-wax,  melted  together  in  a  crucible  on  a  hot  plate, 
and  put  round  the  preparation  with  a  glass  pipette ;  when 
quite  cold  it  may  then  be  cut  with  a  lapidary's  wheel,  or 
ground  down  on  a  metal  plate  with  emery  powder.  The  slice 
remaining  on  the  slide  should  be  well  cleaned  and  nibbed 


300  Prooeedings  of  the  Royal  Phygieal  Sodefy. 

down  on  the  hone  to  the  reqaired  thinness.  This  part  of  the 
process  is  the  most  difGcult.  The  slides  should  be  kept  aa 
flat  as  possible,  and  looked  at  frequently  with  the  micro- 
scope, so  that  the  first  indication  of  disruption  may  be  de- 
tected. The  proper  thinness  having  been  obtamed,  the 
section  should  be  at  once  covered  with  a  ^asa  cemented 
with  balsam;  bnt  considerable  practice  is  required  in  tins 
part  of  the  work,  as  the  pieparatioD,  being  very  thin,  is  liable 
to  be  brokeii  into  pieces  by  very  slight  overheating.  The 
superfluous  Canada  Balsam  round  the  slice  should  be  first 
carefully  scraped  off  with  a  sharp-pointed  knife,  and  the  slide 
well  washed  in  spirit  of  turpentine,  using  a  camel-hair  brash 
to  clean  the  section  thoroughly.  A  little  Canada  Balsam 
should  then  be  dropped  upon  the  centre  of  the  section,  and 
a  clean  covering  glass,  heated  a  little,  should  be  laid  upon  it 
while  yet  warm  and  pressed  down  upon  it,  so  as  to  force  out 
the  air-bubbles  if  any  remain. 

The  slide  on  which  the  section  still  remains  should  not  be 
too  hot,  otherwise  the  gum  will  become  soft  and  the  prepara- 
tion spoiled.  Several  preparations  may  be  quite  easily  made 
from  one  moulding,  and  when  mounted  labelled  aud  laid 
aside  for  future  examination. 

Mineral  particles,  no  matter  how  small,  can  be  cut  into 
sections  in  the  manner  described. 
List  of  Akticles  dbed  in  the  Process  of  SEcnOMiHG, 

HforLDlXG.    ETC. 
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XXII.  Exhibition  and  Remarks  upon  a  Spt-dmen  of  Larus 
Kumlieni  (BrewsUr),  from,  CumberlaTid  Inlet,  North 
America;  also  Specimens  of  Xema  Sabinii  {Sabine),  and 
other  Arctic  Gulls.  By  John  A.  Hauvie-Bbown,  Esq., 
F.RS,E.,  F.2.S. 

(Read  2Iat  January  1885). 

This  specimen  of  Larus  Kumlieni  was  shot  on  the  land  at 
Newguiiiniiloak-.—loiig.  64°  30'  W.,  lat  di"  N.,  on  August 
20th,  1884,  by  Mr  Johu  Henderson,  who  is  employed  in  the 
whale  fishery  annually,  and  waa  on  board  the  steam-whaler 
"  Maude,"  of  Dundee,  captain  John  Watson.  Others  of  tlie 
same  species  were  seen,  but  no  more  obtained.  The  young 
of  this  comparatively  newly  described  species  is  still  a 
desideratum  in  most,  if  not  in  all,  European  and  even 
American  Ornithologist's  Collections;  aud  has  not  been 
described,  so  far  as  I  know. 

Larus  KnviUeni  was  described  by  Brewster  in  the  BidlUin 
of  the  "Nuttall  Ornithological  Club,"  1883,  p.  216;  and 
drawings  of  the  primary  wing-feathera  are  there  given,  A 
somewhat  interesting  account  of  its  plumage,  habitat,  and 
presently  known  range,  and  the  distinctions  between  it  and 
its  two  nearest  Arctic  allies — L.  ylaucescens  and  L.  hucopteriis 
— follows.  The  habitat  tlierein  given  is  Cumberland  Inlet 
{auct.  Kumlicn)  and  Greenland  (Bruch.),  migrating  south  in 
winter  to  the  Bay  of  Fundy  and  Grand  Menan,  After 
giving  dimensions,  and  noticing  the  distinguishing  characters, 
Brewster  says: — "In  many  respects  L.  JCumlitni  beara  a 
curiously  close  resemblance  to  L.  Uucoptems,  .... 
several  specimens  before  me  being  positively  identical  in 
general  colouring.  The  only  tangible  point  of  difference 
seems  to  be,  that  of  the  peculiar  wing- markings  of  L. 
Kumlieni.  This,  of  course,  is  conclusive ;  but  it  is  a  matter 
of  opinion  whether  it  indicates  a  stronger  affinity  with 
glaucescens.  ...  A  large  series  may  establish  a  com- 
plete intergradation ;  but,  on  the  other  hand,  my  light 
extreme  (the  type)  suggests  a  similar  transition  into  L. 
leuayptents." 
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Mr  Brewst«r  conaiders  it  highly  improbable  that  it  is  a 
hybrid  between  leucopterjia  and  glaucescens,  and  conaideiB  it  a 
distinct  species,  "  intermediate  between  "  these  species,  "  but, 
perhaps,  more  nearly  allied  to  the  latter,  to  which  it  bean 
about  the  same  relation  that  leueopUrua  does  to  giaucus,  the 
whole  forming  a  group  of  gulls  of  high  northern  distribution." 

As  L,  Kumlieni  ranges  easUrly-and-northerly  in  North 
America,  whilst  Z,  glawescms  is  its  more  vxsterly-and-nartherly 
representative,  I  direct  the  attention  of  British  Natoralists  to 
these  specimens,  on  the  possible  chance  that  one  or  more  of 
the  former  may  yet  wander  Britain-words,  in  company  with 
other  more  easily  recognised  species.  We  believe  that  this 
specimen  is  the  first  secured  to  a  British  collector,  and  I  at 
once  placed  it  (where  it  ought  to  be  placed)  in  the  collection 
of  Mr  Howard  Saunders,  our  greatest  authority  on  this 
family. 

Mr  Saunders  informs  me — in  lit. — that  a  similar  style  of 
gull  has  been  found  in  Alaska,  but  of  large  size,  ranging  in 
the  group  between  Z.  glaucus  (the  larger)  and  L.  glaueescens 
as  regards  characteristics,  but  as  large  as  the  former.  This, 
Henshaw  has  named  Z,  Helsoni.^ 

The  immature  birds  of  Kumlieni  are  very  dark,  thus  being 
more  allied  to  Z.  glauceseens  in  appearance.  Mr  Saunders 
has  seen  the  types  of  Kumlieni  and  Nelsoni,  and  they  appear 
— he  considers — to  be  "good."* 
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It  ifl  exactly  similar  to  the  adult  exhibited  to-night.*  It 
would  thus  appear  that  the  area  frequented  by  this  speciea 
is  not  80  circumscribed  as  ia  usually  supposed,  and  as 
recorded  by  naturalists ;  or,  it  may  be  possible  that  it  is  a 
comparatively  recent  speciea,  only  now  extending  its  in- 
fluence and  range — though  this  is  scarcely  likely,  if  we 
consider  that  it  is  a  species  of  very  marked  differentiation. 

Mr  Henderson  states  that  he  saw  "  many  Sabine's  gulls  " 
whilst  engaged  in  capturing  bottle-nose  whales  (Glohi- 
cephalus  melas,  Traill),  and  that  wherever  these  whales  were 
encountered,  Sabine's  Gulls  invariably  put  in  an  appearance. 
He  is  of  opinion  that  the  same  circumstances  or  conditions — 
whatever  these  may  be — bring  tbem  together.  Unfortunately, 
he  neglected  to  examine  the  stomachs  of  the  gulls,  or  to 
compare  the  contents  with  those  of  the  stomachs  of  the 
whales.  This,  however,  he  will  attend  to  in  future  voyages, 
as  well  as  obtain  as  full  information  as  possible  in  regard  to 
the  range,  migrations,  food,  and  habits  of  this  interesting 
species.  Mr  Henderson's  father,  who  sent  me  these  gulls, 
says  that  he  has  tried,  until  he  is  tired,  to  get  the  whalers  to 
collect  information ;  but,  he  says,  "  they  seem  so  absorbed — 
mentally  and  physically— in  blubber,  that  nothing  else  can 
be  squeezed  out  of  them."  It  is  therefore  doubly  interesting 
and  valuable  to  know  that  we  have,  at  least,  one  capable  and 
willing  collector,  in  the  person  of  Mr  John  Henderson,  who 
visits  regularly  these  high  Arctic  regions  in  a  whaler. 

In  conclusion,  I  wish  to  say,  that  very  possibly — nay, 
very  likely — the  obscurity  which  still  overhangs  the  subject 
of  the  limited  faunal  range  of  such  species  as  these  Arctic 
gulls — more  especially  such  as  Ehodostelkia  Rossii  (the 
roseate  gull) — Sabine's  GuU,  and  besides  all  the  inter- 
grading  forms  of  the  ivhite-winged  famiiy — ^laumis,  leu- 
coptenis,  glaucescens,  Kumlieni,  etc.,  etc., — may  yet  be  cleared 
off,  if  due  attention  be  paid,  not  only  to  their  distribution,  and 
migrations  t(7td /oorf,  but  also  to  the  food  supplies  of  fishes 
and  cetaceie ;  and  to  their  range  and  migrations  throughout 
these  seas.     An   intelligent   comparison   between   the  dis- 
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teibutional  areas  of  entomostiaca  and  even  of  algae;  also  of 
food-fishes,  of  cetacese,  and  marine  mammala ;  and  of  Buds, 
must,  at  some  not  very  distant  date,  raise  oar  present  know- 
ledge of  these  marvellous  natnral  phenomena,  and  increase 
our  admiration  o^  and  veneration  for,  the  Tondrons  infini- 
tude of  wisdom  displayed  in  creation,  and  in  trttUive- 
evolutioTi.  Some  day — let  us  hope — we  may  be  able  to  place 
some  such  statistics  as  these  in  clear  and  definite  tabulation, 
so  that  "those  who  run  may  read." 

In  conclusion,  I  take  the  opportunity  of  exhibiting  these 
specimens  of  birds ;  which  occurrences  bear  interest  in  con- 
nection with  Distribution  and  Migration — viz.,  (a.)  "  Record 
Form  No.  1 " '  (as  appended),  a  Fork-tailed  Petrel  from  the 
Isle  of  May — "  Forth  " — (a  new  locality  recorded  for  the 
species) ;  (&.)  "  Record  Form  Ko.  2  "  (as  appended),  a  Little 
Gull — ZaruB  minuttts — from  Kincardine-on-Forth ;  and  (c.) 
"  Record  Form  Na  3,"  a  Qlaucous  Gull — L.  glauata — from 
the  some  locality. 

Mchiintion  o/  an  albimt  Herring  Gull  (Lams  argentatos,  Lin.}, 
from  Spam. 
An  example  of  an  albino  Herring  dull  (L.  argetUatua) 
exhibited.  It  was  shot  by  Captain  Halsted  of  H.M.S. 
"Daondess"  near  Lisbon  in  the  Tagus  in  1852.  Dr  Wood- 
cock of  Anstratber,  to  whom  it  belongs,  writes  me  that  it 
was  the  only  individual  amongst  a  large  number  of  Gulls. 
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BEHASES. 

Jto.  1.  FonX-TAILED  Pbtrbl. 

If  Tlth  uir  otbor  spadu,  lume  them  here  :— 

other  Eut  Const  Stationi  whenea  ws  bsve  ncorda  of  tbit  •pttde*  an 
GinlleneiM  (ju  No.  A). 

Destdnatlon  of  SpMlmen. — Id«  or  H*;  Collection  (Cantor,  Joseph 
Apiew). 

Nuns  of  Oftptnrer  and  Becordor. — J.  Agnewand  J.  A.  Rtme-Brown. 

Footnote.  —  Bamarks  may  consist  of  any  flutber  Fl«ld  at 
Oablnet  Bemarks  of  Oolloetor  or  Bacorddr. 

Ko.  2.  LiTTLB  Gull. 

Myriaila  of  other  species  of  Outls  for  the  last  six  ireeks,  aad  myruKli  of 
"  QsrriM  "  or  Sprats  {ClupeatpmUut}.  GnlU  identifiod  wen  O.  B.  B.  Onlb ; 
GlsDcouB  {3  shot — Evans  and  Harrie-Brown — act  No.  8  below) ;  Herring  Qolli, 
Leseer  B.  B.  Galls,  EitUwalcM,  Black-Headed  Gulta,  beaides  Little  Auks, 
Razorbills,  Puffins,  etc.,  nnnsuallf  abandant  in  the  Firth. 

Shot  by  Mr  J.  Wells,  Kincardine,  and  pnrchased  by  J.  A.  K.-B.  on  ISth 
December. 

Now  in  Jlfia.—H.  W.  Feilden  and  J.  A.  Harvie-Brown. 

Another  apecinien  has  since  been  obtained  at  the  same  locality  by  Hr 
Etmis.     These  «r«  the  first  recorded  from  the  Firth  of  Forth. 

No.  3.  OlaL'codh  Oull. 

Along  with  a  ftw  of  its  own  nnd  thoasands  of  other  Gulls  («m  No.  3). 
There  were  also  two  Great  Skuas  in  the  Sight  ILeatria  catarnKUl). 

Sliot  by  Hr  J.  Wells,  and  forwarded  to  J.  A.  Harvie-Brown. 
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Ho.  6*  Fork-tailed  Petrel. 

Gaugbt  whilst  trying  to  alight  on  the  rail  beside  the  light  on  the  east  side 
of  the  lantern  about  midnight.    The  stomach  contained  nothing  but  an  oily 
substance  (Geo.  Sim,  Aberdeen,  in  lit,).     The  specimen  was  preserved  for 
"a  gentleman  in  London "  by  Mr  Geo.  Sim. 
Caoght  by  Mr  M'Alister ;  recorded  by  J.  A.  H.-B. 

Note. — ^The  lately  discovered  breeding-place  of  this  species — North  Rons — 

may  possibly  have  been  (?)  the  starting-point  of  this  specimen. — J.  A.  H.-B. 

The  absence  of  notes  in  two  of  our  columns  is  to  be  regretted,  but  it  is 

hoped  that  our  lighthouse  reporters  will  attend  better  to  these  data  in  future. 

The  schedales  show  signs  of  improvement  annually. 

John  A.  Harvib- Brown, 

Member  of  Committee  on  Migration  of  Birds, 

British  Association,  1879-1885. 


XXIII.  Eecent  Additions  to  the  Inverteh*ate  Fauna  of  the 
Firth  of  Forth,  By  J.  E.  Henderson,  Esq.,  M.B., 
Scottish  Marine  Station,  Granton. 

(Read  17th  December  1884.) 

The  following  species  of  invertebrates,  which  I  am  about 
to  submit  to  the  members  of  the  Eoyal  Physical  Society, 
have  not  previously  been  recorded  from  the  Firth  of  Forth. 
With  the  exception  of  a  few  which  have  lain  unidentified  in 
my  collection  for  a  year  or  two,  they  have  all  been  taken 
since  last  August,  when  I  commenced  to  work  at  the  Granton 
Marine  Station,  where  the  facilities  for  collecting  are  of  a 
high  order.  The  record  of  Firth  of  Forth  invertebrates  is 
still  very  incomplete,  and  much  work  must  be  done  in 
many  of  the  groups — more  especially  the  Sponges,  Worms, 
Crustacea,  and  Polyzoa — before  the  list  can  be  said  to  be  a 
full  one. 

Most  of  my  attention  having  been  devoted  to  the  Crustacea, 

the  largest  number  of  additions  occurs  in  this  group ;  and  as 

both  Mr  Cunningham  and  I  have  made  extensive  gatherings 

of  Copepoda,  etc.,  I  hope  yet,  if  possible,  to  form  lists  of 

these  more  minute,  though  not  less  interesting,  organisms. 

My  warm  thanks  are  due  to  the  Rev.  A.  M.  Norman,  D.C.L., 

for  kindly  examining  many  of  the  species  in  the  list, — espe- 

ciaUy  among  the  Crustacea, — and  also  for  many  useful  hints 

on  the  identification  of  marine  invertebrates. 

VOL.  viir.  u 
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lu  all  casea  where  "  Newhaven  "  is  given  as  the  locality, 
it  must  be  undeTstood  that  the  epecimens  are  from  the 
fisbennen'g  lines,  and  probably  taken  to  the  eaat  of  the  May 
Island. 

FORAMINIFERA. 
Astrorhiza  litnicola,  Sandahl. 

Half  a  mile  west  of  May  Island,  20  fathoms. 
Bottom,  sandy  mud.  October  7th. 
Mr  Pearcey  kindly  identified  my  speci- 
men. The  species  has  been  previously 
recorded  from  Dunbar  by  the  late  Prot 
F.  M.  Balfour. 

POKIFERA. 

Aacandra  varidbiii»,  Haeckel. 

May  Island,  between  tide-marka  on  dado- 
pkora  rupestria  (J.  T.  Cunningham). 

Suberites  {ffymeniaddon)  JUus  (Esper,). 

Several  specimens  adhering  to  old  ani- 
valves,  taken  in  the  trawl,  two  miles  east 
of  Inchkeitb. 

Isodktya  fuconim  (Jobnst.). 

On  Hydroids,  Newhaven.  Several  speci- 
mens dredged  north-east  of  Tnchkeith. 
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distinguished  from  H.  tenellum,  which  is 
apparently  its  nearest  ally,  by  several 
characters  constant  in  all  my  specimens. 
The  reproductive  gonophores  have  not  yet 
been  found.  On  Hydroids,  taken  up  by 
a  "  long  line,"  60  miles  east  of  the  May 
Island. 
Sertidardla  tendla  (Alder). 

Dredged  to  the  east  of  Inchkeith,  on  other 
Hydroids.  I  have  several  other  specimens, 
and  believe  this  species  to  be  not  rare  in 
the  Firth. 

VERMES. 

Tomopteris  sp.  {T,  onisciformis,  Eschscholtz  ?). 

Off  May  Island  in  surface-net,  November 
20th ;  off  Inchkeith,  November  29th. 

^  Filograna  implexa  (Berk.). 

Large  masses  of  tubes  occasionally  brought 
in  by  the  Newhaven  fishermen. 
Most  of  the  Worms  we  have  taken  in  the 
Firth  have  not  yet  been  identified. 

PYCNOGONIDA. 

Nymphon  hirtum,  Kroyer  =  ?  N.  hirtum,  0.  Fab. 

A  single  specimen,  half  a  mile  west  of 
May  Island,  20  fathoms ;  in  trawl,  east  of 
Inchkeith. 

N,  hrevirostre,  Hodge. 

Occasionally  at  Newhaven. 

N.  grossipes,  0.  Fab. 

Newhaven,  not  uncommon ;  also  dredged 
in  several  parts  of  the  Firth. 
In  addition  to  these  Pycnogonids,  we  have 
at  least  two  other  species,  which  I  have 
not  yet  been  able  to  identify. 

^  I  find  tliat  this  species,  though  omitted  in  Messrs  Leslie  and  Hordman's 
list,  was  recorded  from  the  Firth  of  Forth,  by  Mr  W.  S.  Young,  in  Proc. 
Roy.  Phys.  Soe.,  1862. 
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CRUSTACEA. 
Amphipoda. 
JlyaU  Mlttoni   (Ratbke)   {AllorcAe^es   A'iUaoni,    Bate   and 
Weatw.). 

GrantoD  Quany,  common;  May  Island, 

near  high  water. 
SUnothoe  pollexiana  (Bat«)  {Mimiagua  polUxiana,  B.  and  W.). 

Newhaven. 
Ampeliaea  aequicomis,  Bmzel. 

West  of  May  Island,  20  fathoma. 
Iphimedia  obesa,  Rathke. 

Newhaven,  many  specimens.     Dred^jed  to 

east  of  Inchkeith. 
Pkavsa  hiciapit  (Krbyer). 

Kewhaven. 
P.fucieola,  Leach. 

With  the  last 
Calliopius  bidmtatua,  Norman. 

Newbaven,  many  specimens.    Dredged  off 

Fidra,  12  fathoms. 
Aora  graeUis,  Bate. 

Newhaven,  many  specimens.    Both  aexes 

off  Fidra. 
Notnia  tuberculosa.  Bate. 

Dredyed  to  the  ea.st  of   Inch   Micker_v ; 
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net,  ofif  May  Island;  also  ofif  Inchkeitb. 
There  appears  to  be  some  doubt  as  to 
whether  the  species  described  by  Bate  and 
Westwood  is  the  same  as  that  of  Eroyer. 
Prato  veniricosa,  Miill.  sp.  (P.  pedata,  B.  and  W.). 

Newhaven,  not  uncommon. 

ISOPODA. 

Tanais  wUatiis,  Bathke. 

May  Island  and  Dunbar,  about  half  tide, 
living  chiefly  among  mussels. 

Jaera  aUnfrans,  Leach. 

Common  at  the  May  Island,  Granton 
Quarry,  and  probably  many  other  places 
in  the  Firth,  under  stones  near  high-water 
mark. 

Idotea  linearis  (Penn.). 

Occasionally  at  Newhaven. 

Com  ACE  A. 

Diasiylis  lasvis,  Norman. 

OflfFidra,  12  fathoms. 
According   to   Dr    Norman   this  is    the 
commonest  DiaMylis  in  our  seas.      The 
Alauna  rostrata  of  Goodsir  is  perhaps 
referable  to  this  species. 

SCHIZOPODA. 

NyUiphanes  (Thymnapoda)  Narvegica  (M.  Sars). 

Many  specimens  taken  in  the  surface-net, 
north-east  of  Inchkeith,  29th  November ; 
one  or  two  in  the  same  locality  a  few  days 
subsequently.  All  the  specimens  small, 
and  many  immature. 

Podapsis  Slabberi  (Van  Ben.). 

This  species,  not  previously  recorded  from 
the  British  seas,  was  first  taken  by  Mr 
Cunningham  and  myself,  in  the  surface- 
net  below  Grangemouth,  on  October  8th. 
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I  have  since  taken  many  specimens  close 
inshore  near  Granton  Quarry,  also  between 
Inch  Mickery  and  Inchkeitb. 
It  was  originally  described  by  Van  Beae- 
den  in  his  "  B^cherches  sor  la  faune 
litterale  de  Belgiqae,"  and  is  figured  and 
described  more  recently  by  ProC  G.  O. 
Sara  in  his  monograph  of  the  Norwegian 
Mysidfe. 

Becapoda. 

Uippolyte  pusiola,  Kroyer  (ff.  Andreumi,  Kin. ;  ff.  BarUci, 
Bate). 

New  haven. 

Eupagurus  puheteens  (Kroyer)  {Pagarua  Thompaoni,  Bell). 

West  of  May  Island,  20  fathoms.  The 
variety  without  hairs  on  the  chelee  was 
taken  two  miles  east  of  Inchkeith.  Speci- 
mens change  to  a  beautiful  red  colour 
when  preserved  in  spirits  for  a  short  time. 

POLYZOA. 

Membranipora  Dumerilii  (Andouin). 

South  of  Inchkeith,  12-16  fathoms;  com- 
mon on  old  bivalves. 

CrihrUina  annulcUa  (Fabr.). 
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Astnrte  etdcata  (Da  Costa)  vur.  ScoUca. 

Newhaveu  uot  coiuiiiun, 
Tellinn  jnirsilla,  I'hUlppi. 

A   singli!  viilve   west  of  May  Island,  20 

liilhoms. 
Liionsia  Xorvcifica  (Cheran.). 

A  single  broken  valve  at  Newhaven. 
Odostomia  ru/a  (Philippi)  vat.  fulvo-cincla  (Thomps.), 

One  living  and  sevei'al  dead  specimens, 

west  of  May  Island,  20  fathoms. 
Natica  Moiitamli,  Forbes. 

Living  specimens  rather  rare  at  N'ewhaven ; 

west  of  May  Island,  dead. 
There  was  also  exhibited  a  glass  float,  which  had  been 
sunk  accidentally  to  the  bottom  of  Gnmton  Quarry — in  salt 
water — for  a  few  mouths.  It  was  partly  covered  with  As- 
cidians,  including  several  large  specimens  of  .^^cufia  sca&rn, 
MUiL 


XXIV.  On'LoVi^o'pais  and  sovuothtr  Genera.  By  William  E. 
HoTLB,  Esq.,  M.A.  (Oxon.),  M.K.C.S.,  F.R.S.E.,  Naturalist 
to  the  "  Challenger "  Commission. 

(RtaU  inii  DecDnibcr  18S40 
\PMith<d  by  ptrmifaimi  of  the  Lorda  C'onnaiaaiuneri  of  Iht.  Trenaarg.] 

An   attempt  to  deal  with  tlie  numerous  and  somewhat 

heterogeneous   forms  which  have  at  various  times  and  by 

different   obsei-vers   been   referred   to   the   genus   Loligopsis 

hardly  requires  any  apology.    Ifany  were  needed,  it  would  be 

I  sufficient  to  aay  that  18  species  have  been  at  different  times 

I  so  placed,  and  that  by  diffei-ent  observers  these  forms  have 

I  been  referred  to  no  less  than  eight  distinct  genera,*  and  that 

I  '  Since  this  jajier  was  read,  Dr  Pfeifer  (Ahhandl.  ii'aliineisi.  FririH  Ham- 

I  hurg,  Bd.  viii.,  H«rt  2,  IBSl)  has  ulded  another  species  to  this  list,  and  one 

I  more  lo  Ihc  Lumber  of  genera  in  wliieh  the  iiwvioUKly  described  speci's  hnva 

I  besD  placed.      Of  Dr  TrefTer'a  LoligopsU  Schnwkageiti,  I  can  only  at  present 

I  remark   that  it  leeois  to  me  to  have  no  clum  to  ataud  in  that  genua  a* 

I  defined  by  I.nmarck  ;  if  tlie  Renus  be  taken  as  deSned  by  d'Orhigiiv,  than  ila 

L 
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the  most  recent  authoritiea  are  far  from  being  in  accord  as 
to  their  proper  jwaitiona. 

LoLiGOPSis,  Lamarck,  1812. 

Zoligopti*,  LuDuck. 

„         (pan).  d'Orbigny,  Trjoo,  de  Kochebrane. 

The  genus  Ldigopsis  was  founded  b;  Lamarck  for  the 
reception  of  a  species  observed  and  drawn  by  Firon  and 
Lesueur.  Only  two  facts  are  known  to  us  about  this  crea- 
ture— (1.)  it  had  eight  arms,  (2.)  it  resembled  Sepiola,  except 
that  its  fins  were  rhomboidal  and  not  rounded — bat  these 
are  quite  sufficient  to  show  that  it  had  but  little  resemblance 
to  the  forms  which  have  been  called  Loligopgit  by  subsequent 
writers. 

In  1839  d'Orbigny  took  Lesueur's  Zoligo  pavo,  named  it 
Loligopais  pavo,  and  then  proceeded  to  draw  up  a,  full  generic 
diagnosis  based  upon  this  specimen  and  upon  another  which 
he  erroneously  regarded  as  belonging  to  the  same  species 
(see  posted).  With  r^ard  to  L.  Peronii,  he  naively  sajrs — 
"  dans  tons  les  cas,  j'ignore  si  cette  esp^ce  est  ici  bien  &  sa 
place;"  but  as  Steenstrup  aptly  remarks — " since  £.  iVnmH 
is  the  type  it  must  be  in  its  place  in  the  genus  Loligoptis,  and 
it  is  the  other  species  which  are  out  of  place."  ^ 

The  type  species  does  not  appear  to  have  been  observed 

again,  so  that  for  the  present  the  genus  Loligopsis  admits  of 

aiiequate  diagnosis,  and   must  therefore  lie  used   in  i 
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1822.  Leligapi'u  Peron 

1823.  Loligo  „ 
1845.   loligoptU      ,, 


i,  Laniank,  Anini.  8.  Vert.,  t.  rii.,  p.  6flO. 
HIainv.,  Joum.  ile  Phjs.,  t.  icvL,  p.  121. 
d'Orb.,  «ph.  Ke.il,,  p.  323;  Moll,  viv.,  p.  Z72. 
Stoenstrup,  Ovsrblik,  p.  85  (17). 
(l-ats],  Tryou,  Man.  Conch.,  p.  18i. 
Verril!,  Cepli.  N.  E.  Amer..  \\  125. 
Rochobr.,  Honour.  Loligopsidie,  p.  IS  (8). 


As  above  mentioned  this  is  the  type  of  the  genus,  and 
although  de  BlainvUle  {loc.  eii.)  has  supplied  a  few  details 
(triangular  shape  of  the  fins  separately,  gelatinous  translucent 
opaline  appearance  of  body)  not  given  by  Lamarck,  it  seems 
(|iiite  possible  that  the  species,  if  again  discovered,  will  not 
he  recognised;  and  it  seems,  therefore,  that  the  best  course 
would  be  to  allow  this  species  to  remain  as  a  doubtful 
quantity  for  naturalists  to  pursue,  but  with  which  nothing 
can  be  done  at  present.  This  course  is  suggested  by  Pro- 
fessor Verrill  {loc.  cit.),  and  it  was  also  that  adopted  more 
than  twenty  years  ago  by  Professor  Steenstrup,  our  greatest 
living  authority  ou  the  Cephalopoda.' 


Taonius,  Steenstrup,  1861. 

Loligopiu  (]iars],  d'Orbigny,  Tryon,  d«  Rochebrune,  etc. 
DamotnUhia,  Verrill. 
PnenliaUs,  Lnnkealer. 
Phaanatopsit,  lie  Rocbfbruna 

The  genus  Taoniw  was  established  by  Steenstrup  in  186 1 
to  include  Loligo  paiio,  Lesueiir,  and  a  new  species  from 
Greenland,  which  he  called  Taonius  kyperhoreus.  So  far  as  I 
am  aware  no  diagnosis  of  this  genus  has  ever  appeared  in  the 
English  language,  and  I  shall  therefore  commence  by  trans- 
lating Steenstrup's  original  description. 

In  the  first  place,  the  whole  family  Cranchiieformes  is 
characterised  thus :  "  The  mantle  is  firmly  united  with  the 
head  at  three  separate  points — namely,  directly  in  the  dorsal 
median  Hue,  and  indirectly  by  means  of  the  funnel  on  either 
side  of  it.  where  there  is  usually  a  movable  sliding  cartila- 
ginous articulation  or  hook  in  other  Cephalopoda." ' 

Then,  under  the  headiug  Taojiint  kyperborens,  he  adds : 
'  Orerblik,  p.  85  (IT).  '  Ibid.,  p.  70  (!). 
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"  As  soon  as  the  relations  of  the  tentacles  and  the  structure 
of  the  arms  in  the  genus  Leachia  are  carefully  considered,  it 
is  obvious  that  Loligopsis  pavo,  Lesueur,  and  Leadiia  hyper- 
borea,  Stp.,  which  have  hitherto  been  referred  to  it,  must 
furm  a  separate  group.  For  in  addition  to  the  fact  that  the 
latter  species  has,  and  the  former  seems  to  have  had,  tentacles, 
both  have  narrow  elongated  fins,  which  extend  along  a  large 
portion  of  the  body,  and  are  strikii^ly  characterised  by  their 
enormous  eyes,  which  almost  meet  on  the  ventral  surface, 
and  by  a  funnel,  which  is  shorter  and  smaller  than  that  of 
Zeachia.  The  gladins  agrees  very  well  with  that  of  other 
Cranchias,  but  may,  on  the  whole,  be  described  as  expanded 
at  the  inferior  extremity." 

"  The  generic  name  Taimivs  is  chosen  more  especially  with 
reference  to  the  longest  known  species,  whose  beautiful 
coloured  spots  suggested  the  specific  name  ^w;  how  far 
similar  spots  may  have  been  present  on  the  body  of  my 
species  kyperboreus,  I  cannot  eay.  ...  In  case  a  division 
of  the  genus  should  become  desirable,  I  regard  the  older 
species  Zol.  pavo,  Les.,  as  the  type." 

It  appears  from  these  passages  that  Steenstrup  r^^arded 
Loliffo  pavo,  Lesueur,  as  the  type  of  his  genus,  and  he  did 
not  consider  it  essential  to  make  a  long  and  detailed  state- 
ment of  its  characters,  because,  as  we  have  just  seen, 
d'Orbigny  had  already  done  this  when  he  made  the  same 
ipecies  tlie  baaia  of  his  detiaition  of  the  ticiiiis  Zolit. 
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edge  medially:  ■  -  ■  two  additional  muscular  commis- 
sures unite  the  lateral  inner  surfaces  of  the  mantle  to  tho 
sides  of  the  siphon."  This  may  be  compared  with  the  first 
sentence  translated  above  from  Steenstrup,  and  with  d'Or- 
bigny's  description  of  his  genus  Lolvfopds^  in  which  occur 
the  following  words :  "  Appareil  de  r^istance  consistant  en 
troia  larges  brides,  ou  attaches  fixes,  placiSs  an  bord  mSme  du 
corps,  qui  le  lient  intimenient  a  la  tfite,  I'une  cervicale  ou 
dorsale  fi  I'extremit^  de  la  saillie  mMiane  de  la  coquille. 
Les  deux  autrea  lat«5ralea  inf^rieurea  au  lieu  ou  est  ordinaire- 
meut  I'appareil  inf^rieur  mobile."  It  seems  almost  impossible 
to  resist  the  conclusion  that  he  means  hereby  to  describe  a 
precisely  similar  structure;  furthermore,  in  the  drawing  of 
his  L.  pavo,*  the  dorsal  margin  of  the  mantle  is  ahown, 
extending  on  to  the  head  behind  the  eye.  The  remainder  of 
tlie  definition  of  Dcsmoteulhis  sounds  almoat  like  a  translation 
of  that  of  Loligopsis,  and  nowhere  are  they  in  contradiction, 
as  any  one  may  aee  who  reads  them  aide  by  side. 

It  would  appear,  then,  that  what  has  been  already  published 
is  sufficient  to  show  that  Desmoleiitkis  muat  be  regarded  as  a 
synonym  of  Taoiiitis,  but  in  addition  to  this  I  have  recently 
had  the  opportunity  of  examining  the  following  specimens 
belonging  to  this  genus: — The  type  specimens  of  Taonius 
pavo  and  of  T.  cymoclypm  in  the  Paris  Museum,  that  of 
Taonius  hyperboreiis  in  the  Copenhagen  Museum,  and  a 
somewhat  mutilated  specimen  of  the  same  species  in  the 
"  Challenger "  Collection ;  a  specimen  of  an  unpublished 
species  which  Professor  Steenstrup  proposes  to  call  T.  elon- 
!/atus;  and  two  specimens  of  another  new  species  in  the 
■'  Challenger"  Collection. 

On  the  basis  of  this  material  I  have  drawn  up  the  follow- 
ing description  of  the  genus,  which  will,  I  think,  leave  no 
doubt  aa  to  its  identity  with  Desmoleuthis : — 

Body  eloHfiaitd,  semi-transparent,  head  comparatively  small, 
eyes  promintnt,  sometivies  very  large.  Mantle  united  toUh  the 
back  of  the  head  by  a  firtn,  band,  which  tvidens  posteriorly,  the 

'Ciph.  Acit,  p.  320  :  Moll,  viv.,  p.  3fla. 

'  C4jih.  Acet,  pi.  iv.,  fig.  1  ;  Mnll,  viv.,  pi,  ixiii,,  fig.  0. 
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surface  of  the  back  eiiher  directly  continuous  vtitk  that  of  the 
head,  or  marked  off,  if  at  all,  by  an  exceeding}/  dight  fold. 
Mantle  aim  connected  with  the  body  at  eiiher  side  of  the  bate  of 
the  funnel.  Funnel  devoid  of  a  valve,  but  poesemng  VerrilTa 
organ}  Fins  meUing  at  the  posterior  end  of  the  body  utttaUy 
in  a  point.  Arms  short  compared  wnth  the  body,  furnished 
with  two  rows  of  globular  snekers.  Tentacles  present,  and  beat' 
ing  four  rows  of  suckers  on  the  distal  extremity  ^.  pavo 
doubtful  at  regards  the  last  point,  owing  to  mutilation). 
Gladius  long  and  narrow,  somewhat  expanded  towards  the  Jlna 
andformittg  a  hollow  pointed  cone  behind. 

Taonius  pavo  (Lesnenr),  Steenstrup. 

1S21.  Loligo patti,  Lwl,  Jouni.  Acad.  Nat  Sci.  Fhilwl.,  toL  U.,  p.  H,  pL 

1S23.      „        „     BluDV.,  JoDrn.  d.  Ph;i.,  L  xcvl,  p.  IS8. 

1830.  loligopti*  paw  (pan),  d'Orb.  at  Fir.,  C^b.  Acrit,  p.  S81,  Cdiaan. 

pi.  *i.  (esc.  fig.  4),  Loligopsii,  pi.  it.,  Ggi.  1.8. 
1819.         ,,  „    Onj,  B.  H.  C.  Holt.,  parti.,  p.  40. 

1861.   raoniua        „     Stp.,  Ovetblik,  pp.  70  (2),  84  (IS). 
1879.  Lolinopiit     „     Ti7on,  Han.  Concb.,  p.  IS3. 
1882.   Taoniv*        „     Verrill,  Ceph.  N.  E.  Amcr.,  p.  130. 

Dam<ieiUkUhyperborm{^),  Id.,  Ibid.,  p.  126. 
1684.  Loligapiii pavo,  Kochebr.,  Monogr.  Loligopaidn,  p.  18  ((). 

Ab  above  mentioned,  this  is  the  type  of  the  genus  Taonius. 
It  has  also  been  described  at  considerable  length  by  d'Orbigny, 
and  with  a  considerable  amount  of  illustration ;  but,  nnfoi^ 
tunately,  he  has  based  his  description  upon  two  specimens 
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The  plirase  "  Lonj>ueiir  totale,  plus  d'un  mHre,"  refers  tu 
the  Madeira  apeciiuen,  while,  curiously  enough,  the  remainder 
of  the  dimeusious  are  taken  from  that  of  Lesueur. 

The  general  form  of  the  body  is  the  aaroe  in  both,  the 
tentacles  are  absent  in  both  cases,  but  in  Lesueur's  the  stems 
remain,  while  in  the  larger  individual  they  have  been  cut 
off  close  to  the  roots. 

Of  the  figures,  PI.  vi.,  Figs.  1, 2, 3,  are  copied  from  Lesueur's 
originals.  PI.  iv.,  Figs.  1  -6,  might  have  been  taken  from  either, 
while  Figs.  7,  8,  were  certainly  taken  from  the  Madeira 
specimen,  for  the  typical  Lolu/o  pavo  has  no  sharply-toothed 
suckers,  but  those  even  at  the  extremity  of  the  arm  are 
provided  with  blunt  teeth,  though  they  are  not  so  square-cut 
as  those  of  the  basal  suckers. 

The  gladiua  (PI.  vi..  Fig,  4)  was  probably  di'awn  from  the 
Madeira  specimen,  from  which  it  has  been  removed,  though 
incompletely,  the  posterior  tip  remaining  in  the  iiuimal. 

One  expression  used  by  de  Kouliebrune  iu  speaking  of 
Lesueur's  specimen  is  unfortunate, — he  says  of  the  arms 
(loc.  cit.,  p.  5) ;  "1  serie  cotyledonorum  armatis,"  while 
d'Orbigny,  in  his  generic  diagnosis  and  in  his  figure,  gives 
two  rows.  In  point  of  fact,  the  two  expressions  are  almost 
equally  correct ;  there  are  either  two  rows  of  suckers  not  far 
removed,  or  one  row  arranged  in  a  zig-zag  manner  which  in 
certain  positions  appeaj's  like  one  straight  row. 

1  have  already  given  reasons  for  thinking  that  Sesmoleulhis 
is  synonymous  with  Taonius.  I  shall  now  adduce  a  few 
arguments  which  lead  me  to  believe  that  the  specimen  which 
Verrill  obtained  from  the  northern  edge  of  the  Gulf  Stream, 
and  which  he  believed  to  be  identical  with  Taonius  hyper- 
hornis,  was  none  other  than  Tao)iins  pavo. 

That  it  dillers  from  the  former  of  these  may  be  seen  by  a 
most  cursory  examination  of  the  type  specimen,  or  of  the 
drawing  to  be  published  in  the  report  on  the  "  Challenger " 
Cephalopoda,  and  as  may  be  also  seen  by  a  careful  comparison 
of  Verrill's  figures  with  Steenstrup's  description.*  Taonius 
kyperborevs  is  there  defined  by  its  difH-rences  from  T.  pavo, 
viz. :  "  (I.)  the  length  and  breadth  of  the  fin,  which  is  half 
'Owrblik,  p.  8*(lfi). 
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the  length  of  the  body  and  six  times  as  long  as  broad ;  (2.) 
in  the  large  and  almost  regularly  spherical  suckers,  which 
are  several  times  larger  than  those  of  T.  paw,  and  especially 
on  the  lateral  arms  attain  an  astonishing  size,  bo  that  the 
largest  have  a  diameter  as  great  as  the  breadth  of  the  arm ; 
and  (3.)  in  the  presence  of  a  toothed  marginal  membrane 
along  all  the  arms." 

In  every  one  of  these  characters  it  will  be  noticed  that 
Professor  Verrill's  specimen  differs  from  T.  kyperboreus,  and 
inclines  rather  to  T.  pavo ;  and  further,  a  careful  comparison 
of  his  figures  and  description  with  those  of  Loligopsia  pavo 
(Les,),  d'Orb.,  places  it  beyond  all  reasonable  doubt  that  these 
are  identical. 

The  general  shape  of  the  body  is  practically  identical  in 
the  two  forms,  but  the  fin  ia  produced  in  Verrill's  drawing 
into  "  a  long  acute  tip,"  which  does  not  appear  in  Lesuear's, 
but  which  may  very  well  have  been  present  originally,  for 
the  posterior  extremity  of  the  type  specimen  has  been 
injured. 

The  arms  are  not  complete,  "  except  those  of  the  third  and 
fourth  pairs,  which  are  nearly  equal  in  length,  the  ventral 
ones  a  little  the  shortest  and  most  slender"  in  both  speci- 
mens. In  both  specimens,  too,  "  the  arms  are  all  united 
together  by  a  thju,  delicate  basal  web,  which  extends  i 
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The  general  sliape  of  the  sucker,  too,  agrees  fairly  with 
that  figured  by  Lesueur. 

Yerrill's  account  of  the  pen  of  his  JD.  hyperborea  describes 
that  of  Zoligo  pavo,  Lesueur,  very  well,  for  the  latter,  like 
the  former,  terminates  posteriorly  in  a  hollow  cone.  This 
is  not  shown  in  Lesueur's  drawing,  though  it  is  quite  evident 
in  the  specimen;  the  drawing  indeed  is  merely  a  sketch 
giving  a  general  idea  of  the  form  of  the  pen,  which  has  never 
been  removed  from  the  specimen. 

The  passages  in  quotation  marks  above  are  taken  from 
Verrill's  description,  and  when  compared  with  d'Orbigny's 
figures,  they  leave,  I  think,  little  room  for  doubt  that  the 
two  species  in  question  are  the  same.  Of  course  at  present 
the  identification  lacks  the  crucial  test  of  comparison  of  the 
actual  specimens,  and  therefore  I  append  a  query  to  Deaino- 
tetUhis  hffperbo7*ea  in  the  synonymy. 


Taoniiis  hyperboreus,^  Steenstrup. 

1866.  Leaehia  hyperborta,  Stp.,  Hectocotyldannelsen.  p.  200. 
1861.  Taoniut  hyperborens,  Id.,  Overblik,  p.  83  (15)  {non  Verrill). 
1879.  Loligopsia  hyperborea,  Tryon,  Man.  Concb.,  p.  162. 
1882.  IkMioteulhis  tenera  {!)  Verrill,  Ceph.  N.E.  Amer.,  p.  216. 
1884.  LoliffopsiM  hifperborea,  Rorhebr.,  Monogr.  Loligo]>8id8e,  p.  12. 

The  Body. — The  body  is  elongated,  tapering  posteriorly; 
the  mantle  is  thin,  enclosing  an  enormous  branchial  cavity, 
only  a  small  portion  of  which  is  occupied  by  the  viscera ;  its 
anterior  border  projects  slightly  forwards  in  the  middle  line 
dorsally  and  at  each  lateral  attachment ;  in  the  former  of 
these  positions  the  surface  of  the  body  is  almost  continuous 
with  that  of  the  head,  only  the  very  slightest  fold  of  the 
mantle  marking  them  off.  A  number  of  purplish  chromato- 
phores  cover  the  mantle,  and  there  are  also  a  number  of 
larger  spots  disposed  in  irregular  rows,  of  which  there  are 
about  ten  down  the  mantla  The  caudal  Jin  is  fully  half  the 
length  of  the  body  and  of  an  elongated  cordate  form.  The 
siphon  is  triangular,  and  reaches  to  about  the  centre  of  the 

'  Thia  species  will  be  figured  in  tbe  fortbcoming  ReiK)i  t  on  the  *•  Challenger 
Cephalopoda. 
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head ;  on  ita  dorsal  wall,  immediately  behind  the  aperture, 
are  tvo  low  cushion-like  paptUfe  in  the  middle  liDe,  and 
behind  these  three  long-pointed  papQIee  arranged  in  a  triangle 
with  the  apex  directed  forwards. 

The  Read. — The  head  proper  is  small,  much  smaUer  than 
either  of  the  enormous  globular  eyes,  which  occupy  the  whole 
of  its  two  lateral  surfaces. 

7%«  Arms. — ^The  tettUe  arms  are  short,  on  an  average  about 
one-third  the  length  of  the  body ;  their  order  of  length  is 
3,  2, 1,  4;  a  toothed  membrane  extends  along  the  arma,  but 
forms  only  a  very  small  web  between  them.  They  are 
furnished  with  two  rows  of  suckers  most  numerous  and 
closely  packed  on  the  dorsal  arms.  The  miekers  are  sub- 
globular,  the  proximal  half  of  the  globe  being  opaque  and 
muscular,  the  distal  corneous  and  semi-transparent  The 
suckers  on  the  dorsal  and  ventral  arms  are  subequal,  and 
also  on  the  lateral  arms  for  the  proximal  half  of  their  length; 
on  the  third  quarter  are  situated  about  eight  large  suckers, 
whose  diameter  fully  equals  that  of  the  arms ;  on  the  terminal 
fourth  the  suckers  gradually  diminish.  The  margin  of  the 
larger  suckers  is  almost  entire  but  marked  out  into  irregular 
very  shallow,  square-cut  teeth ;  on  the  distal  margins  of  the 
smaller  suckers  the  teeth  become  more  prominent,  but  are 
blunt,  and  about  8  to  10  in  number.  The  icTitacles  are  but 
little  longer  than  the  arms,  and  only  slightly  expanded  at 
their  extremities.    On  the  inner  side  of  the  stem  is  a  groove 
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J'aonius  effmoctppus  (de  Kochebruae),  mihu 
1339,   Loligojaa  pitvo  (pan),  d'Orb.,  C6pli.   Ac*L,  p.  321,  pi.  vi,,  Hr.  4  (!) ; 

pi.  KxiiL,  figs.  10.  11. 
1881.  Pkaimaio/isia  c!/noeij/pu3,  Rocliebr.,  Monogr.  Loligopsidie,  p.  17  (9), 

Malacologists  are  indebted  to  I>r  de  Rochebriine  for  point- 
ing out  the  distinctness  of  this  interesting  form  from  T.  paw 
(Les.).  with  which  d'Orbignj  had  confused  it,  and  for  correcting 
several  mistakes  which  had  arisen  in  consequence  in  that 
author's  gceat  work.  It  is  to  be  regretted,  however,  that  de 
Kochebrune  has  fallen  into  an  error  which  haa  led  him  to 
erect  this  species  into  a  new  genua. 

His  description  and  figure  alike  indicate  the  tentacles  as 
present  and  similar  to  the  sessile  arms.  A  careful  examina- 
tion, however,  of  the  sjiecimen  has  shown  me  that  the  two 
ventral  arms  only  are  complete,  and  adjoining  each  of  these 
ia  the  stump  of  a  tentacle,  concerning  the  perfect  form  of 
which  nothing  can  be  made  out;  the  remaining  arms  are 
present,  hut  their  tips  are  wanting. 

In  the  structure  and  arrangement  of  the  head  and  mantle, 
it  does  not  differ  from  the  typical  arrangement  in  Taoniue. 
The  funnel  contains  no  valve,  nor  is  it  possible  to  determine 
whether  an  apparatus,  such  as  Verrill  has  described  in  his 
Desmotevihis,  was  originally  present 

The  ventral  arms  only  are  intact,  but  they  are  somewhat 
stouter  than  any  of  the  others.  They  are  armed  with  two 
rows  of  suckers,  alternating  with  each  other,  which  have  the 
same  general  structure  as  in  Taoniita  hyperboreus  or  T.  pavo, 
but  differ  in  details.  The  innermost  are  hemispherical,  with 
a  small  homy  ring  notched  into  square  teeth ;  those  from  the 
middle  of  the  arm  are  larger,  but  atiU  liave  square  teeth ; 
while  those  three-fourths  along  the  arm  and  beyond  gradually 
diminish  in  size  towards  the  tip,  and  have  the  horny  ring 
divided  into  four  conspicuous  teeth  on  the  distal  side. 

The  suckers,  which  are  figured  by  d'Orbigny  as  of  Lotigopsis 
pavo,  are  in  reality  those  of  this  form ;  for  those  of  the 
original  specimen  of  Taonius  {Loligopsis)  pavo  are  all  pro- 
vided with  square  teeth.  The  suckers  figured  by  de  Roche- 
brune  as  tentacular  are  taken  from  these  sessile  arms,  for,  as 
above  mentioned,  the  tentacles  are  absent.    I  did  not  observe 
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a.ny  suckers  with  more  than  four  well-developed  teeth,  and 
my  impression  was  that  d'Orbigny'a  figure  (pL  xxiii,  figs.  IQ, 
11)  gave  a  much  more  accurate  picture  of  the  structure  than 
Dr  de  liochebrune's. 

Leachia,  Lesueur,  1821. 

LeaAia,  Leaueur,  Stecnstrup. 
Ani»tKtv(\),  RafiDesqne. 
Lotigaptu  (para),  Orsy,  Tryon,  de  Rochebrnne. 
Dietgdiopri*,  de  Bochebmne. 

The  genuB  Leachia  was  established  by  Lesneur  iu  1821  on 
the  basis  of  a  drawing  by  Mr  Petit  representing  au  animal 
captnred  in  the  Southern  Ocean  (Lesueur  calls  it  "  Pacific 
Ocean,"  although  the  position  given  is  lat  37°  S.,long.  33°  E.). 
It  appears  to  have  remained  unused  foe  forty  years,  until  in 
1861  Steenstrup  reconstituted  it  and  placed  in  it  Zoligopsia 
ellipK^tera,  Adams  and  Beeve. 

Lesueur's  diagnosis  was  short  and  quite  insufficient  for 
modem  requirements,  though  no  doubt  the  distinctions  he 
drew  were  all  that  were  required  at  the  time  he  wrote. 

He  says :  "  Eight  unequal  arms,  the  third  pair  longer  and 
more  robust" 

Professor  Steenstrup  gives  as  the  grounds  for  his  recogni> 
tion  of  the  genus,  as  distinct  from  Taonius  and  Cratuhia, 
three  characters, — (1.)  the  absence  of  the  tentacles,  present 
only  as  stumps ;  (2.)  the  broad  rounded  fin ;  (3.)  two  lines  of 
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Brock  bears  out  tliia  statement,  and  says  that  it  was  only 
on  repeated  examination,  and  by  feeling  rather  than  by  sight, 
that  he  discovered  their  existence  in  his  two  specimens.' 

Prufessor  Steenstnip'a  remarks  on  the  tentacle  stumps  may 
also  be  translated.  Speaking  of  L.  dlipsoptera,  he  aaya — 
"  Wben  it  ia  borne  in  mind  that  all  the  specimens  of  the 
nearly  related  L,  cycliira  have  had  precisely  similar  stumps, 
and,  in  so  far  as  they  have  been  examined  with  respect  to 
this  point,  exactly  of  the  same  IcTigth  as  in  these  individuals, 
and  also  that  two  specimens  in  the  Paris  museum  show 
the  same  arrangement,  one  is  driven  to  the  conclusion  that 
the  mutilation  of  the  tentacles  is  not  merely  due  to  accident, 
especially  as  a  large  number  of  the  specimens  under  con- 
sideration were  taken  alive.  If  these  forma  i-eally  at  one 
time  possessed  the  long  tentacles  of  their  family,  then  at 
least  it  must  be  assumed  that  they  have  some  organic 
peculiarity  which  causes  them  to  be  easily  broken  off,  and 
always  at  one  and  the  same  point.  At  all  events,  the  basal 
remnants  do  not  indicate  that  the  tentacles  were  of  extreme 
thinness." 

In  the  present  state  of  our  knowledge  the  following  may 
be  given  as  a  description  of  the  genus  Leachia : — 

Body  eloju/ated,  semi-transparent,  head  small,  a/es  prominent. 
Mantle  united  with  the  back  of  the  head  by  a  firm  band,  which 
vndens  posteriorly,  and  by  a  hand  at  each  side  oj  the  base  of  the 
siphon.  A  row  of  cartUayinous  papilla:  down  the  ventinl 
surface  of  tlie  viajUle  on  each  aide.  Fitis  terminal,  forming 
together  a  broad  oval  or  a  circle.  Arms  short  compared  ivith 
the  body,  loith  two  rotvs  of  suckers.  Tentacles  rudimentary, 
their  stumps  being  situated  in  the  usual  place.  Gladius  long, 
slender,  and  somewhat  dilated  in  front  and  posteriorly,  conical 
and  hollow  behind. 

Professor  Steeustrup  *  suggests  that  Anisoctus,  Rafinesque, 
may  be  a  synonym  of  Leachia,  and  the  brief  definition  given 
by  the  author  is  not  inconsistent  with  such  a  supposition, 
but  without  the  figures  which  are  alluded  to  in  the  descrip- 
tion, no  certainty  is  possible. 

>  Gbttingen  NachricliUii,  p.  fi07,  1SS4. 

*  OmnutostTephngtigi;  Bleekapnitter,  p.  104  (34). 
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Leackia  cyclwra,  Lesuenr. 

1821.  Leadua  e^ura.  Lb*.,  Proc.  Acnd.  N«t.  Sci.  PbiUd.,  vol.  iu,  p.  BO, 

pi.  vi. 
1823.  loligo  Laiehii.  Rkjav.,  Diet.  d.  Scj.  Nat,  t  xxviL,  p.  135. 

1823 Id.,  Jonm.  de  Phys.,  p.  12*. 

1823.  Loligeptit  eydurai,  YtratA.,  Diet  clasi.,  t.  ii.,  p.  68,  pi.,  fig;  3  (fidt 

d'Orb.). 
18S6.  „        Leachii,  Fhtubs.,  d'Orb.  Tibl.  dei  Ctph.,  p.  57. 

IS33.  „        giiUata,  Grant,  Tr&D*.  Zool.  Soc.  Lond.,  rol.  i.,  p.  24,  pL  ii. 

1833.  PerolhU pellvada,  Riithke,  Htm.'Sftv.  fitrnag.  Aod.  Sci.  St  Petenb., 

t.  iL,  p  140. 
18SS.        „      EnHuAoUxii,  Id.,  Ibid. 
1SS9.  Loligoptii  guUaia,  d'Orb.,  Uph.  Acfit,  Loligopsis,  pi.  1.,  fig.  1,  pi.  jii., 

pi.  IT.,  Bgi.  8-lfl. 
184S.  ,,        e^ftra.  Id.,  Ibid.,  p.  322;  Moll.  vir.  et  tota.,  p.  370,  pi. 

xxiii.,  figs.  1-4. 
ISfll.  Leaekia  „      Steenitmp,  Overblik,  p.  82  (14). 

1879-  Laiigopti*       „       Tryon,  Min.  Coneh.,  vol.  i.,  p.  193. 
18S4.  „  ,,       Racb«br.,  Monogr.  Loligopaidx,  p.  14  (ft). 

1884.  „  „       Brock,  Outtingen  Nnchrichten,  p.  G04. 

1884.  PerothU  Dutaamitri,  Bocbebr.,  Uonogr.  LoligopiidtF,  p.  28  (20). 

This  is  the  type  species  of  the  genus  Leackia,  and  is  almost 
as  unsatisfactory  as  the  type  of  the  genua  Loliffopsis,  for,  as 
above  mentioned,  it  is  founded  upou  a  drawing  which  repre- 
sents the  dorsal  aspect  of  a  Cephalopod  obtained  in  the 
South  Pacific,  with  only  indifferent  attention  to  its  anato- 
mical characters.  Happily,  however,  the  figure  has  been 
published,  and  this  has  led  d'Orbigny  and  others  to  identify 
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Dr  de  Rochebruiie'a  objectiou,  so  far  as  I  understand  it, 
seems  to  be  of  the  same  nature.  He  says — "  D'Orbigny  et 
Fi^ruasac,  en  attribuaut  cea  tubercules  au  Leachia  cyclura  se 
sout  mi^pris;"  to  which  criticism,  I  take  it,  VemlJ's  remark 
is  a  sufficient  rajoinder. 

In  such  a  case"  absolute  certainty  is  impossible,  but  it 
appears  to  me  that  d'Orbigny  was  quite  justified  in  the  course 
be  adopted.  The  drawings  resemble  each  other  very  closely 
in  the  form  of  the  body  (except  that  Lesueur's  is  a  little 
stouter),  in  the  form  of  the  fins,  and  iu  the  relative  dimen- 
sions of  the  head  aud  eyes.  Grant  himself  calls  attention  to 
the  peduncle  of  the  eye,  which  "  is  like  a  smaller  eye-ball 
placed  behind  the  lai^er  exterior,"  aud  remarks  that  it  ia 
indicated  in  Lesueur's  figure.  The  differences  are  that 
Lesueur's  drawing  does  not  show  the  pen  passing  down  the 
centre  of  the  hack,  aud  that  the  markings  difler  in  form  aud 
arrangement. 

It  is  clear  that  Petit's  drawing  was  merely  a  rough  sketch, 
witness  the  manner  in  which  the  suckers  are  represented, 
and  taking  this  iuto  consideration  the  correspondence  is  as 
close  as  cau  be  e.\pected. 

I  am  unable  to  agree  with  Dr  de  Rochebrune  in  creating  a 
new  species  for  the  specimen  in  the  Paris  Museum,  which 
he  calls  PcrotMs  Lhissumieri.  It  appeared  to  me  to  be  a 
very  good  example  of  Leachia  cydura ;  indeed,  I  should  have 
had  no  doubt  that  it  was  actually  the  one  depicted  by 
d'Orbigny  iu  his  great  work  (pi.  iv.,  fig.  9),  and  with  this  the 
locality  quoted  agrees.  The  tubercles  on  the  ventral  surface 
are  eleven  lai^e,  with  smaller  intermediate  ones.  The  ten- 
tacles are  ti'uncated,  and  with  rounded  extremities,  as  in  the 
typical  Leachia^  and  I  cannot  at  all  understand  Dr  de  Goche- 
brune's  description  of  them  as  "  tentacules  coniquea  recro- 
quevill<^s,  k  cupules  sessUea  airondies,  sans  dent«  et  sur  une 
seule  ligne."  la  it  possible  that,  as  iu  the  case  of  his  Pkaa- 
matopsis  cyvioctypus,  he  has  overlooked  the  stumps  of  the 
tentacles,  and  not  observed  that  only  four,  and  not  five,  pairs 
of  arms  were  preseut  ? 
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LeacAia  dlipsopiera  (Adams  and  Keeve),  Steeostrup. 

1848.  Loligcftt  M^toftera,  Adams  and  Ii»«T«,  "  Sunanug  "  HoIIiuol,  p.  2. 

1840.  „  „  Gray,  B.  M.  C  HoU.,  p.  40. 

ISei.  ItcKhia  „  Stp.,  Orerblik,  p.  80  (12). 

1876.  Loligopti*         „  Tryon,  H«n.  Conch.,  vol.  L,  p.  163. 

I8S4.  DyctffdioptiM     ,,  Bochsbr,,  Monogr.  LoligopiidB,  p.  IS  (10). 

The  type  specimeD  of  this  speciea,  discovered  during  the 
voyage  of  the  "  Samarang,"  appears  to  have  been  loat^  but 
there  are  five  apeciinens  in  the  Copenhagen  Museum,  which 
are  beyond  all  doubt  referable  to  it  The  differences  between 
L.  eyclwra  and  this  form  "  consist  mainly  in  the  form  of  the 
fin  and  the  ventral  cartilaginous  lines.  The  almost  circular, 
slightly  heart-shaped  figure  which  the  caudal  fins  t(^tber 
exhibit  in  the  former,  pass  into  a  distinctly  transverse  oval 
in  the  latter.  The  drawing  of  L.  cydv/ra,  which  represents 
the  fins  of  the  greatest  breadth  in  proportion  to  the  length, 
is  that  by  d'Orbigny  in  hia  great  work  on  the  Cephalopoda, 
but  even  here  each  fin  is  longer  than  bi'oad,  while  in  L. 
fllipsoptera  each  fin  is  considerably  broader  than  long.  The 
cartilaginous  lines  on  the  sides  of  the  mantle  are  described 
and  depicted  by  Qrant  and  d'Orbigny  as  ceasing  about  half- 
way between  the  anterior  margin  of  the  body  and  the  fin;  in 
our  L.  ellipsopiera  they  reached  just  over  one-third  this  dis- 
tance, and  they  are,  too,  as  above  stated,  very  weak,  and  their 
warts  not  so  large,  so  prominent,  or  so  numerous."  ' 
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two  specimens  given  him  by  Dr  Reichenbach,  and  regarded 
by  hira  as  intennediate  in  their  characters  between  these 
two  species.  Probably  some  uncertainty  will  always  hang 
over  this  point,  as  neither  type  specimen  can  be  found,  and 
the  ultimate  criterion  of  eacli  species  is  only  a  somewhat 
jndiifereut  figure. 

Lcachia  dubia  (Eathke),  mihi. 
1833.  PtrolhU  dubia,  ItatliltF,   MIm.  Sav.  fitrang.  Acai  8ci.  St  Petereb., 


This  appears  to  be  distinct  from  Perotkia  pellucida,  but 
very  little  is  known  about  it,  for  Rathke  does  not  figure  it  as 
a  whole,  but  merely  gives  two  small  drawings  representing 
portions  of  its  anatomy.  It  would  seem,  however,  to  be 
distinct  from  Perotkis  pellucida  { =  Leachia  n/clwra). 

DoRATOPSis,  de  Eochebrune,  1884 

Doratopsis  vennicularis  (Eiippell),  de  Eochebrune. 

1S4J.  Loligaptii  venaitularU,  Happell,  Oiom.  Gab.  Mesiiina,  t.  xxvi.  {^fide 

Vimnj). 
1SS1.  ,,  ,,  Vtnay,  Cfph.  Hidit.,  p.  123,  pi.  xl,  Ggs.  a,  t. 

1881.  DoTatopsia         „  Rochebr.,  Muiiagr.  Loligopsidtu,  p.  20  (12). 

RUpiKlll.  Id.,  Ibid.,  p.  81  (13). 
188).  IlynloUuthis  vtrmicvlarii,  Pfoffor,  Ceph.  Hanib.  Mwa.,  p.  28. 

Dr  I'fefFer  appears  to  have  been  so  fortunate  as  to  examine 
Krohn's  original  specimen,  figured  by  Viirany  (loc.  cil.,  b),  and 
he  has  given,  what  naturahsts  have  long  waited  for,  a  com- 
plete description  of  it.  He  is  not  quite  right  in  saying  that 
its  "  position  in  the  family  of  the  Loligopsidie  has  never  been 
challenged,"  for  it  has  long  been  known  that  its  generic 
name  was  quite  incorrect ;  but  no  naturalist  cared,  upon  the 
slender  information  given  by  Verany,  to  found  a  new  genua 
for  its  reception,  until  de  Eochebrune  did  so,  just  in  time  to 
anticipate  Dr  Pfefler ;  this  is,  however,  to  some  extent  a  matter 
for  congratulation,  inasmuch  as  the  name  Hyaloteuthii  had 
already  been  used  by  Gray  in  a  different  sense.^ 

It  does  not  seem  yet  certain  that  the  two  forms  figured 
'  B.  M.  c.  MoU.,  p.  03. 
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by  V^rany  are  specifically  distioct;  the  difforences  between 
them  may  be  due  to  growth,  or  possibly  to  sex. 

Calliteutuis,  VerriU,  1882. 

CalliUuthiB  ocellata  (Oweu),  VeirilL 

ISSl.  Lotigoptit  oeellata,  Oma,  Tnua.   ZooL  Soc  Lond.,  vol.  xL,  put  5, 

pp.  ISB-149,  pis.  sxvi,  figs.  S-S,  iirii. 
1882.  CaUiteutkU     „        Verrill,  C«pli.  N.B.  Amar.,  p.  202. 

There  can  be  no  doubt  that  Sir  Richard  Owen's  LoligopttB 
ocellata  is  congeneric  with  Professor  Verrill's  Cedliteuthis 
reveraa  {loc.  cit.,  p.  327) ;  but  the  question  whether  they 
belong  to  the  same  species  can  only  be  satisfactorily  settled 
by  a  comparison  of  the  actual  specimens,  and  most  therefore 
be  left  in  abeyanca 

Craschia,  Leach,  1827. 

Granckia  Seinkardtii,  Steenstrup. 

ISSS.  Leachia  BeinKaniUi,  Stp.,  HectocotjIduindMii,  p.  200. 

\ii\.  CratuMa        „  /(f.,  OTcrbllk,  p.  76  (8). 

1879.  lotigopiis      ,,  Tr;on,  HkD.  Conch.,  toI.  i.,  p.  IW. 

18S2.  Oranekia        „  Brocli,  Zeitscbr.  f.  via.  Zool.,  Bd.  »x*i.,  p.  SOfi. 

1884.  PenOM         ,,  dc  Bochebr.,  Uoaogr.  Loligoptidn,  p.  28  (20). 

This  ie  a  well-marked  Cranckia,  and  there  would  be  no 
need  for  its  mention  here  had  not  Tryon,  without  the  least 
show  of  reason,  placed  it  under  the  genua  Loligopsi». 
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wild  Si 


c  other  Genera.  331 


I84C.  LoHgiipsU  chryaoplaalvua,  ll'Orb.,  Cipb.  Acit.,  p.  S34,  Laligopsu,  ]>1. 

\.,  Gga.  2,  3,  4  (L.  TiUmi). 
I81S.         .,  ehroniorphu.  Id..  Ibid..  ^Z2i. 

This  ia  a  minute  creature  discovered  by  Tilesius  on  Kmsen- 
steru's  voyage  round  the  world,  which  agrees  with  Lamarck's 
definition  of  the  genus,  in  so  far  that  it  somewhat  resemblea 
Sepiola  and  has  eight  arms ;  but,  as  Steenstrup  has  pointed 
out/  the  shape  of  the  fins  ia  rounded,  not  rhomboidal,  there 
are  three  or  four  rows  of  suckers  on  the  arms,  and  altogether 
the  animal  resembles  a  youug  Bossia-Uke  creature  more  than 
anything  else.  Its  true  position  will  probably  always  remain 
doubtful.  I  cannot  propose  to  place  it  in  any  genus  hitherto 
constituted,  still  less  do  I  intend  to  create  a  new  one  for  its 
reception. 

Loliijopsis  xijgmna,  Vetany. 
1855.  LoUgnpnt  sygcBTUt,  Vir&aj,  C4ph.  Midit.,  p.  126,  pi.  »l.,  a^.  c,  1851. 
1884.  Zggietu/paia    ,,        Bocbebl.,  lAoaogr.  Loligopaida:,  p.  20. 

A  very  beautiful  little  Cephalopod,  evidently  of  pelagic 
habits,  is  figured  by  Vi^rany,  but  unfortunately  his  statements 
as  to  its  anatomical  peculiarities  are  far  from  giving  sufficient 
information  to  enable  us  to  fix  its  systematic  position.  Tlie 
genua  Loligopsis,  as  understood  by  ViJrany,  by  no  means 
agrees  with  the  definition  of  d'Orbigny.wbichis  founded  mainly 
upon  the  structures  connecting  the  head  with  the  mantle,  as 
observed  in  the  Loligopsis  Viranyi  of  F^russac  (—Ckiroleuthia 
Viranyi,  d'Orb.) ;  there  is,  however,  no  indication  that  such 
an  arrangement  is  found  in  the  creature  under  discussion, 
and  if  it  were,  the  differences  between  this  form  and  the  type 
species  would  render  its  erection  into  a  new  genus  essential. 

It  is  worthy  of  notice  that  Vdrany's  drawing  closely 
resemblea  two  species  in  the  "  Challenger  "  Collection,  which 
are  referable  to  the  genus  Taonius,  and  are  believed  to  be 
older  forms  of  Procalislcs  Stthmii,  Laukesler;  the  chief 
differences  are  in  the  form  of  the  fin,  which  is  cordiform  in 
T.  Siihmi,  and  in  the  absence  of  suckers  on  the  tentacles 
except  at  tlieir  extremities.  Seeing  that  these  differences 
exist,  however,  it  would  not  be  right  to  transfer  L.  zygwna  to 
the  genus  Taonius.  Dr  de  Eocliebrune  has  erected  it  into  a 
■Oi-iTblik,  p.  86  (IS)- 
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genua  Zygcejiopsis,  but,  even  were  this  procedure  on  other 
grounds  admissible,  the  fact  that  the  name  proposed  is  pre- 
occupied is  fatal 

In  concluding,  I  have  to  acknowledge  my  indebtedness  to 
Professor  Steenstmp,  both  for  the  opportunity  of  examining 
the  collection  of  Cephalopoda  in  the  Copenhagen  Museum 
and  for  valuable  advice  and  assistance  during  the  progress 
of  my  work,  as  well  as  to  Dr  de  Hochebrune  for  the  courtesy 
with  which  he  facilitated  my  examination  of  the  valuable  type 
specimens  in  the  Paris  Museum — it  is  a  source  of  great  regret 
to  me  that  I  find  myself  differing  from  him  in  ao  many  points. 

List  op  Abbrkviatiohs  Euploted. 

(t'Orb.,  CMph.  Ac«t 

F6nias>c  et  d'Orbignj,  "  Hut«in  Datnrelle  g^nfrale  et  particulUre  des 
CfphalopodeaaciUbaliQrea."    Puii,  1835-18. 
dOrb,,  Moll.  TiT. 

d'Orbiguy.  "Mollnaqiieg  Tirantaat  rouilea."     Puis,  1816  &  1855. 
Gray,  B.  M.  C.  MoU. 

Grsf,  J.  £.,  "  Cktidogae  of  the  HoIlnscA  in  the  Collection  of  the 
British  MoseDin ;  Part  i..  Cephalopoda  Antepedi^."    London,  1819. 
Pfeffer,  Ceph.  Hamb.  Uii«. 

"Die  Cephalopoden  dea  Hamburger  Naturhiatorischen  Moaeuma" — 
Abhandl,  yaturmtt.  VertM.     Hamburg,  1861. 
Bochebr.,  Mouogr.  LoligopaidEe. 

Dr  de  Bochebmne,  "fitnde  monographique  de  la  famiUe  dn  Loli- 
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sliowiiig  the  Speciea  which  have  been  referred  lo  the  genus 
Loligopsis,  with  their  accepted  namea, 


L.  Bomplaiuli  =OhiitiUulhu  BomplandUVtr.),  d'Orb., 

L.  Aronwrpha,  Tili-aius^i.  chrysophlalmot  (TilcaiuH),  d'Oib., 

i.  daysophlalaua  (TilEsiue),  d'Orb.,    .... 

L.  ej^vm{\j!a.),'FiT.=LtaehiatytlKrft,\iii., 

L.  dubia  (K&tlike)  =  LtiKhia  dulna  (Katllko), 

L.  tlUpaopUra,  Adams  and  Reeve  — Ltasliin  tlliyaopttra  (Adalitu  al 

Ueeve),  Stp.,   . 
L.  EaehiehollHi  (Katlike)  ^Ltachia  cyclura.  Let,..     . 

L.  guttala,  GT3Dt=LaKhia  cyelura,  Le»., 
L.  kyperborta  (Stp.),  Tryini=  Taonitu  hyperboreaa,  Stji., 
L.  ocellata,  Oweu -  CaliiUuthis  oeeUata  (Oiren),  Vetrill, 
L.  pavo  (Les.),  d'Orh.  =  Ttumiiu pavo  {Lm.),  Stp., 
L,  pcliucida  (EBChscboltz)  =Leaehia  tyclura.  Lbs.,  . 

L.  Permii,  Ltmk.  =  LoligopHs  PeroHii,  Laiiik., 
I.  Btinhardtii  {Stp.),  Tiyoa :^ Crantkia  JiciHhardtii,  Stp.,      , 
L.  SeAiuxltageni,  Pfeffer,  ..... 

L,  TUaii,  Fir. —Loligopaii  chryioplUalmai  {Tileniue),  d'Orb., 
L.  Vtranift,¥iTWisac  =  ChiroUmAu  Firanyi  lT6T.),A'0ib.,    . 
L.  vemweularit,  yira,iiy=Doratoptiai>enaieula.rU  (Ver.),  Ro«liebr., 
L.  tgijcata,  Viruiiy,      ...... 


XXV.  On  Fossil  Bones  of  Mammals  dbUtiiied  dwriny 
Excavations  at  Silloth.  By  FrofesBor  Wm.  Tdbneb, 
M.B.,  F.RS. 

(Eiead  ISCli  Febniary  1886.) 

In  February  1859  I  exhibited  and  described  to  this 
Society  '  a  collection  of  the  bones  of  Bos  primigenius,  eorae 
of  which  had  been  for  many  yeara  in  the  Anatomical 
Museum  of  the  University  of  Edinburgh,  and  others  were 
obtained  from  localities  in  the  north-west  part  of  the  county 
of  Lancaster.  In  the  month  of  April  of  the  same  year  the 
late  Dr  J.  Alexander  Smith  described  to  this  Society  *  aome 
crania  of  the  same  animal  preserved   in   the  Antiquarian 


'  Proc.  Roy.  Phye.  Soc,  vol.  ii.,  p.  71, 
Journal,  July  1859. 

'  I'roc.  Roy.  I'Ijjs.  Sue.,  vol.  ii.,  p,  111 
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Museum  in  this  city.  His  paper  on  this  subject  was  subse- 
quently expanded  into  an  excellent  memoir,  entitled  "  Notes 
on  the  Ancient  Cattle  of  Scotland,"  and  published  in  the 
Proceediv/js  of  the  Society  of  Antiquaries  of  Scotland.*  In 
these  Notes  he  has  collected  together  the  accounts  of  all  the 
specimens  both  of  Bos  longifrims  and  Bos  primigenivs  which 
had  up  to  that  time  been  found  in  Scotland,  and  he  has  given 
a  description  of  the  crania  of  this  animal  in  the  Muaeums 
of  Antiquities,  the  Free  Church  College,  the  Royal  CoIIe^ 
of  Sui^ona,  and  the  Veterinary  College  in  this  city. 

During  the  years  1883  and  1884,  whilst  the  North  British 
liailway  Company  was  engaged  in  excavations  connected 
with  the  formation  of  a  new  dock  and  a  new  gas-holding 
tank  at  Silloth,  remains  of  Bos  primiffeniua,  the  red  deer 
{Cervua  elaphus),  and  bones  of  cetacea  were  discovered.  I 
hrst  heard  of  this  "  find "  in  1883  through  the  courtesy  of 
my  friend  Dr  Leitch  of  Silloth,  by  whom  the  remains 
were  sent  to  me  for  identification,  and  through  his  kind 
offices  I  have  obtained  information  respecting  the  conditions 
uuder  which  they  were  found.*  I  am  also  indebted  for 
important  information  as  to  the  deposits  in  which  they 
were  imbedded  to  Charles  Boyd,  Esq.,  the  resident  engineer, 
and  to  J.  T.  Middleton,  Esq.,  the  contractor.  By  per- 
mission of  these  gentlemen  and  of  Sir  James  Falshaw,  the 
chairman  of  directors  of  the  North  British  Kailway  Compooy, 
I  have  been  able  to  secure  several  of  the  specimens  for  the 
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the  aoutli-east  corner  of  the  new  dock,  aud  were  lying  in  a 
bed  of  wet  gravel  and  slungle  mixed  with  the  shells  of 
oyster,  mnssel,  cockle,  immediately  on  the  top  of  the  red 
boulder  clay,  and  at  a  depth  of  28  feet  below  the  surface  of 
the  ground,  10  feet  above  low-water  level,  16  feet  below 
high-water  level,  and  at  a  distance  inland,  southwards,  of 
about  450  yards  from  high-water  mark.  The  material  over- 
lying the  hones  was  a  bed  of  gravel  or  sliingle  10  feet  in 
thickness,  above  which  14  feet  of  sand  intermixed  with  thin 
beds  of  shingle  and  common  sea  shells,  varying  from  2  to  8 
inches  in  thickness,  were  superimposed. 

Another  skull  of  Bos  primiffenius  was  obtained  during  the 
excavation  for  tlie  gas-holder.  It  was  imbedded,  says  Mr 
Boyd,  in  soft  sandy  silt  at  a  deptli  of  10  feet  below  the 
surface  of  the  ground,  at  about  high-water  level,  26  feet 
above  low-water  level,  and  at  a  distance  of  1000  yards 
inland  from  high-water  mark  in  a  southerly  direction  from 
the  position  of  the  bones  found  in  the  dock  excavations,  and 
at  a  16-feet  higher  level  than  those  bones.  The  soft  silt 
overlaid  the  skull  to  a  height  of  5  feet ;  above  the  silt  was 
4  feet  of  alluvial  clay  and  1  foot  of  surface  soil.  Boring 
operations  proved  that  the  silt  was  continued  to  the  depth  of 
20  feet  below  the  surface.  The  collection  consisted  of  Irenes 
both  of  marine  and  terrestrial  mammals,  and  the  locality  was, 
in  the  opinion  of  Mr  Hugh  Miller,  jun,,  of  the  Geological 
Survey,  an  ancient  raised  beach  (see  Appendix,  p.  338). 

One  antler  of  the  red  deer  was  a  very  fine  specimen.  It 
was  the  right,  and  a  portion  of  the  frontal  bone  was  attached 
to  it.  Its  length  in  a  straight  line  from  the  burr  to  the  tip 
of  the  highest  point  was  33  inches.  The  brow  point  was 
■  unfortunately  broken  off  close  to  the  root,  b;it  the  bay  and 
tray  points  were  both  entire,  the  one  lOJ  inches,  the  oUier  8 
inches  long.  The  beam  spread  out  at  the  summit,  and  gave 
origin  to  five  points  or  crockets  ;  the  crocket  points  were 
somewhat  rubbed,  probably  from  friction  against  the  gravel. 
The  surface  of  the  beam  was  grooved  and  tuberculated.  The 
circumference  of  the  beam  between  the  burr  and  the  brow 
antler  was  8J  inches.  The  second  antler,  also  the  right,  was 
much  smaller,  and  had  a  portion  of  the  frontal  bone  attached. 
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however,  the  fosail  considerably  exceeded  the  recent  mandible, 
and  obviously  belonged  to  a  much  larger  animal 

The  left  humerus  of  Bos  primigeniut  was  perfect,  except 
that  the  two  taberosities  were  injured.  Its  length  from  the 
Jiead  to  the  radial  artictilar  surface  was  15  j  in. ;  the  breadth 
at  the  condyles  was  5^  in.  It  was  a  mora  massive  bone 
than  the  right  humerus  of  the  same  species  described  by 
me  in  1859.  The  right  tibia  was  perfect,  and  a  massive 
bone ;  its  extreme  length  was  I9|  in. ;  the  greatest  braadth 
at  the  upper  end  was  b-^  in. ;  at  the  lower  end,  3^  in. 
The  right  metatarsal  bone  was  perfect;  its  extreme  length 
was  12^  in.;  its  breadth  at  the  upper  end,  2J  in.;  at  the 
lower  end,  S^V  in.  These  long  bones  were  not  rubbed,  but 
their  muscular  ridges  and  articular  surfaces  were  sharp  and 
well  defined  as  in  a  recent  bone ;  their  dimensions,  however, 
were  considerably  greater  than  in  the  skeleton  of  the 
Hamilton  wild  white  ox.  I  have  not  thought  it  necessary 
to  give  the  precise  dimensione  of  the  corresponding  limb' 
bones  in  the  Hamilton  ox,  as  their  measurements  have 
already  been  recorded  by  Dr  John  Alexander  Smith  in  his 
"Notes,"  above  referred  to,  p.  610. 
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Dock," '  I  also  have  pleasure  in  acknowledging  my  indebted- 
ness. Occasional  notes  on  the  same  anbject  have  been 
published  in  the  same  volume  (p.  214)  by  my  late  colleague, 
Mr  T.  V.  Holmes,  F.G.S.,  chiefly  communicated  to  him  by 
Mr  Goodchild. 

The  entire  section  consisted  of  superficial  deposits,  viz.,  a 
thick  foundation  of  red  boulder-clay  below,  penetrated  to  a 
depth  of  30  feet  without  signs  of  rock ;  and  recent  marine 
deposits  above,  originally  about  30  feet  thick,  and  covered 
over  with  blown  sand.  The  following  represents  the  full 
section  from  the  original  surface  to  the  bottom  of  the  dock 
— which  is  on  the  mean  low-water  level  of  ordinary  spring 
tides : 

Foci. 
5.  Blown   sand,  previously   removed ;    partly   re-de- 
posited by  the  wind  while  tlie  excavations  were 
in  progress,  .  .  .  .  — 

4.  Sea  sand  and  fine  shingle,  intensely  current-bedded, 
containing  waterworn  fragments  of  recent  sheila, 
and  some  lumps  and  thin  layers  of  drifted  peat. 
Mammalian  bones  in  lower  part,  originally         29 

3.  Shell-bed ;  a  dark  and  fetid-looking  mash  of  gravel 
and  mud.  Shells  unbroken ;  valves  sometimes 
together.  Laige  stones  with  some  oysters  ad- 
herent, and  cnisted  with  serpnla  and  corallines 
(Zepralia),  ....     about  1 

2.  Unconformity,  .....         — 

1.  Gritty  red  boulder-clay  or  gravelly  till ;  and,  in  the 
south-east  corner  of  the  dock,  laminated  brick 
clay,  ......         10 


The  till  was  the  ordinary  boulder-clay  of  the  lowlands, 
coloured  Indian- red  by  the  red  rocks  of  the  district;  partly  a 
gritty  clay,  partly  a  clayey  gravel ;  and  containing  a  great 
variety  of  boulders  not  necessary  to  name  here.  A  number 
of  the  boulders  bad  been  finely  glaciated  atop  in  sUu,  and 
some  excellent   illustrations   presented   themselves   of   the 


'  Trans.  CiimberUnd  and  Weatmorclujid  Abboc,  No.  ix..  IS83-84,  p.  169, 
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fluxioQ-atnicture  oommanicated  to  the  till  hj  the  heavy  dr^ 
of  the  glaciers  over  it'  Here  and  there  were  some  current- 
laid  Beams  of  Band  aad  gravel ;  a  bed  of  reddish  laminated 
clay  without  stones  lay  in  tlie  south-east  comer. 

The  upper  surface  of  this  till  and  clay  was  even  hut  not 
level,  aw^ling  gently  up  into  a  low  arch  near  the  middle  of 
the  new  dock,  and  sbelving  rapidly  seawards  towards  the 
outer  extremity  of  the  old  one,  which  (the  outer  part)  was 
consequently  founded  on  piles.  The  till,  its  seams  of 
grave],  and  the  laminated  clay,  had  been  cut  clean  across 
before  the  deposit  of  the  shell  bed  overlying. 

There  therefore  exists  at  Silloth  that  unconformity  between 
the  glacial  deposits  and  the  post-glacial  which  seems  to 
characterise  their  relations  throughout  the  south  of  Scotland.* 

The  Shell-bed.— The  shells  that  gave  to  this  thin  bed  its 
character  had  lived  and  died  undisturbed  where  they  lay. 
The  common  shells,  so  far  as  I  observed,  were  the  common 
oyster — sometimes  to  be  seen  sticking,  along  with  large 
barnacles,  to  the  stones,  and  often  much  perforated  by  Cliona; 
Pecten  optmUaria  in  various  stages  of  growth ;  the  common 
cockle  and  mussel ;  Fuma  aTiiiquua,  Buccinum  undatvm,  and 
some  specimens  of  LiUorina  littorea  and  Turriidla  corn/mwais.. 
Tapis  puUastra  was  observed  with  its  valves  closed.  Here 
and  there  stood  a  boulder  of  CrifTel  granite  or  some  other 
stone  richly  crusted  with  corallines  (Zepralia)  and  serpuUe. 
One  of  the  largest  of  these  crusted  bouldera  of  Criffel  granite 
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existence  of  shallow  sea  placed  some  distance  beyond  reach 
of  the  deposits  of  shifting  sand  which  at  present  occupy  the 
upper  part  of  the  Solway  Firth. 

The  Current-bedded  Saitd  and  Shingle. — The  remainder  of 
the  marine  deposit  was  intensely  current-bedded  frum  top  to 
bottom.  Its  shells  for  the  most  part  were  wasted  and  broken, 
and  scattered  about  at  random.  They  hail  evidently  been 
washed  to  and  fro  in  the  ceaseless  currents  to  which  the  whole 
bed  testified.  A  valve  of  Pholas  Candida,  found  in  sand  near 
the  bottom,  was  amon"  the  few  remains  of  shell  life  which 
had  escaped  unwasted,  probably  from  its  lightness.  The 
other  shells  were,  I  think,'  chiefly  mussels  and  limpets. 

The  gravel,  like  the  sand,  was  inconstant  and  false-bedded. 
In  parts  of  the  dock  it  had  been  laid  down  in  good  thick 
beds  as  much  as  ten  feet  in  thickness  and  of  great  value  to 
the  contractors ;  but  these  I  observed  wedging  out  into  the 
sand,  or  dividing  up  amongst  it  like  the  rays  of  a  fan.  I  had 
gone  to  the  dock  expecting  to  find  a  general  slope  of  the 
bedding  seawards — like  that  of  the  present  beach.  There 
was  no  such  slope ;  and  I  may  also  remark  that  I  failed  to 
detect  the  general  slope  diorewards  which  my  colleague,  Mr 
Goodchild,  seems  to  have  remarked.'  But  in  any  case  the 
deposit  was  one  mass  of  current-bedding  as  if  laid  down 
by  shifting  cuiTcnts  in  a  waterway.  There  was  not  a  hori- 
zontal layer  in  the  whole.  Here  and  there  were  lumps  and 
thin  layers  of  current- drifted  peat,  and  a  few  snags  of  sodden- 
looking  wood.  Towards  the  bottom  there  had  been  much 
circulation  of  underground  water  above  the  retentive  till, 
and  the  gravel  was  rusted  and  stuck  together  in  masses  by  a 
deposit  of  hydrous  peroxide  of  iron.  "When  I  visited  the  dock 
the  water  was  still  streaming  out  from  the  side  nearest  the 
town,  the  wells  of  which  had  been  partly  tapped  owing  to 
the  continuity  of  the  deposit  for  some  distance  inland. 

Some  of  the  bones  bear  the  rusty  colouring  of  these  lower 

'  I  regret  that  my  notes  of  the  sholU  of  llio  wliole  dfjioBit  Bra  rather 
mongre.  I  w«b  iiirorraed  that  Uri;B  colleetioiia  rera  being  madB  bj  the  then 
curate  of  Silloth  with  a  viaw  lo  its  elocidstion.  Tho  liBts,  however,  if  tliey 
•xUt,  hftva  not  been  made  avnilable  for  qnntstian  hero. 

'Traus.  Camherland  and  WeBtmorelaiid  Assot.,  No.  ii.,  1883-8*.  \\  2H. 
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femiginous  beds ;  all  of  them  except  the  jaw  of  Jioa  primi- 
genitu  came  from  the  lower  part  of  this  sand-aud-sluDglfl 
deposit  The  skull  lay  at  the  very  bottom,  about  28  feeb 
from  the  surface.     The  large  humerus  beloDging  to  the  same 


rioD  of  New  Dock,  Silloth.'  8c«le,  1  incfa  =  420  feet.  Pcnition  of  tlis 
Fonila  mukcd  by  b  circle,  within  tbe  circumrerence  of  wliii;h  they  were 
prob&bly  all  Toand.  Tlie  figuree  give  tlie  elev&tion  of  the  top  ot  the  mftriue 
deposit  above  the  level  ot  ordinary  spring  tidei  in  Teet  and  incbea  u  deter- 
mined by  tbeodolita  ;  that  on  the  left  ia  appraiimate. 

species  was  found  about  10  feet  higher,  or  18  feet  from  the 
surfaca  The  large  antler  of  red  deer  appears  to  have  lain  at 
some  yards  distance  at  about  the  same  level ;  and  the'smaller 
one,  the  first  of  the  bones  met  with,  about  a  foot  higher.  All 
the  other  bones  lay  uear  the  red  clay,  and  within  a  few  yards 
of  the  skull^     One  of  the  cetacean  vertebrte  was  rolled  and 


Mt  Ilugh  Miller  on  the  Geology  of  the  Silloth  Dock.    343 

tides,  and  7  or  8  feet  above  tlie  highest  tide  recorded  at 
Silloth.  The  deposit,  therefore,  belongs  entirely  to  the  period 
of  the  raised  beaches,  dating  back  probably  to  the  elevation 
of  the'  country  from  the  "  50-feet "  to  the  "  25-feet "  level  as 
recorded  in  Scotland  generally,  and  certainly  not  added  to 
since  the  upheaval  of  the  10  to  15  feet  beach  now  traceable 
round  the  Solway  from  Scotland  into  England,  and  known 
on  both  sides  of  the  country.  From  evidence  furnished  at 
the  two  ends  of  Hadrian's  Wall,  it  seems  indubitable  that  the 
North  of  England  has  undergone  no  change  of  level  since  the 
Roman  occupation.^ 

Bltnon  Sa7id.—"  When  the  old  dock  was  made,"  says  Dr 
Leiteh,*  "  and  when  the  lines  of  railway  leading  to  it,  and 
which,  until  lately,  ran  over  the  site  of  the  new  dock,  were 
laid  down,  several  sand  dunes,  20  to  30  feet  in  height,  had 
to  be  removed."  The  sand-drift,  however,  did  not  cease. 
Much  to  the  annoyance  of  the  workmen,  it  even  continued 
more  or  less  throughout  the  progress  of  the  new  dock,  and 
in  spite  of  the  precautions  of  the  contractors.  The  chance 
cuttings  or  scoop-shaped  slips  at  the  edges  of  the  new 
excavation  were  in  this  way  levelled  by  fresh  sand-deposits, 
and  the  top  section  of  the  dock-cutting  assumed  much  the 
appearance  of  loiiajide  blown  sand. 

My  friend,  Dr  Leitch,  to  whom  I  have  already  had  occasion 
to  acknowledge  my  indebtedness,  and  who  visited  the  dock 


'  Dr  CoUinffwood  Brueo,  "  Haudljook  to  tho  RomsD  Wall,"  1884,  pp.  88, 
222.  ThesL'  Tacta  acem  not  to  be  generally  knovm  among  gHologists.  1  iuak« 
ua  apolugj  Tor  quoting  Dr  Bruce :  "  Mr  Buddie,  the  famous  coal  enginrar, 
tuld  the  writer  that  wben  bathing  in  the  river  (the  Tyne)  as  *  boy,  he  hwl 
often  noticed  tho  foundationa  of  thia  wall  (at  Wallund,  on  tbe  Tyne)  extend- 
ing far  into  the  atreom.  Mr  Leslie  hae  seen  it  go  as  far  into  the  water  aa  the 
lowest  tides  enabled  him  to  observe"  (p.  88).  And  again,  "At  Wallaend  we 
have  Been  that  the  eastern  wall  of  the  station  was  continued  down  the  hill 
to  a  point  below  low-wattr  mark  in  the  river  Tyue  ;  a  siniilur  arrangeuieut 
}irevailed  here.  Mr  M'Lauchlan  says,  '  Beyond  Bownoas  ....  the 
old  inbabitanU  point  out,  at  about  250  yards  from  tho  nortb-weat  angle 
of  the  station,  a  spot  where  a  quantity  of  stone  was  dug  out  of  the  beach 
many  years  aitiL'e  for  building  purposes,  and  the  line  of  it  waa  fallowed 
for  some  distance  under  the  aand  without  arriving  at  the  end  of  it'" 
(p.  222). 
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olong  with  U17  coUe^ae,  Mr  Goodcbild,  has  thas  been  led  to 
give  the  section  as  consisting  of  about  8  feet  of  blown  sand, 
and  only  about  20  feet  of  marine  deposits.  These  8  feet,  as 
it  chances,  make  all  the  difference  between  a  modem  coast 
deposit  and  a  much  more  ancient  raiatd  beach. 

Probable  Succession  of  Events  as  Testified  by  this  Section. 

The  Older  of  events  which  led  to  the  formation  of  the 
deposits  thns  described  may  have  been  somewhat  as  follows: — 

1.  The  ice  age :  glacier  ice  moving  heavil;  over  the 
boulder- clay. 

2.  Gap,  not  now  represented  by  any  deposit  in  the  section. 
Formation  of  the  arctic  marine  deposits  of  the  100-feet 
beach  of  Scotland,  and  close  of  the  ice  age.  Denudation, 
possibly  snbmariue,  but  more  probably  resulting  from  an 
elevation  of  the  coast,  suSBcient  at  least  to  bring  the  depouts 
within  range  of  coast  denudation.  A  few  boulders  washed 
from  the  boulder-clay  and  left  lying  on  the  top.'  Finally, 
the  country  for  a  time  brought  to  a  stand  some  40  or  50  feet 
below  present  sea-IeveL 

3.  Shallow  sea  7  or  8  fathoms  deep ;  oyster  scalps,  etc. ; 
little  or  no  deposit  from  off-shore. 

•L  Elevation  of  the  coast  to  the  25  or  30  feet  level;  water 
shallowed ;  strong  currents ;  a  great  sea-drift  of  sand,  etc. ; 
carcases  of  animals,  blown  up  by  gases  of  decomposition 
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XXVI.  On  some  Modificationa  of  Recordiiig  Apparatus  for 
Physiological  Pxirposts.  By  R.  Milne  Mueray, 
Esq.,  M.A,  M.B.    [Plates  XII.-XV.] 

(Read  18th  Fubrunry  1885.) 

Experimental  Pliysiology  depends  to  audi  an  extent  on 
the  graphic  method  for  the  record  of  observations,  that  it 
may  be  said  that  Kecording  Apparatus  is  the  first  item  in  the 
furnishing  of  the  laboratory.  Accordingly,  physiologists  and 
mecbanicians  have  combined  to  render  such  apparatus  so 
complete  and  so  well  adapted  for  all  purposes,  that  it  would 
seem  little  remains  to  be  done  iu  the  way  of  increasing  its 
efficiency.  The  Kyraographion  of  Ludwig,  and  even  more  so 
tlie  elaborate  system  devised  by  the  Cambridge  Scientilic 
Instrument  Company,  are,  indeed,  so  complete  and  perfect  in 
all  details,  as  to  render  them  undoubtedly  capable  of  meeting 
all  demands  which  could  be  made  on  such  apparatus.  But  - 
this  very  elaboration  and  perfection  of  detail  has  only  been 
obtained  at  the  expense  of  much  labour  and  skill,  and  the 
construction  of  the  apparatus  demands  the  highest  proficiency 
in  workmanship.  The  consequence  is,  that  the  cost  of  such 
instruments  is  very  great ;  and  while,  of  course,  there  need 
be  no  great  difticnlty  in  their  being  provided  for  a  well- 
endowed  laboratory,  this  cost  places  them  beyond  the 
means  of  most  private  workers,  and  is  a  serious  obstacle  to 
private  research.  And  while  we  may  admit  that  we  must 
look  to  the  workers  in  regular  laboratories  undertaking  those 
inquiries  demanding  the  greater  amount  of  time  and 
application,  we  need  not  doubt  that  there  are  many  points  of 
great  physiological  interest  which  may  readily  be  investigated 
by  those  who  have  neither  by  right  nor  by  favour  the  com- 
mand of  the  resources  of  a  public  laboratory.  But,  on  the 
other  hand,  such  attempts  are  precluded  by  reason  of  the 
grave  initial  cost  of  the  apparatus  demanded. 

With  a  view,  then,  of  bringing  such  inquiries  more  nearly 
within  the  limits  of  private  means,  I  have  ventured  to 
describe,  in  this  paper,  an  apparatus  which  I  have  employed 
for  some  time,  and  which  1  find  to  answer  all  purposes  of 
both  smoked  and  continuous  paper  work. 
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The  recommendation  which  I  claim  for  this  machine  is 
that  of  cheapness  combined  with  an  efficiency  which  enahles 
it  to  meet  all  ordinary  demands.  I  do  not  mean  to  suggest 
that  it  possesses  aiiy  advantage  over  the  other  forms  referred 
to,  other  than  that  it  is  mach  cheaper  than  any  with  which 
I  am  acquainted,  and  that  I  have  never  found  it  incapahle 
of  folfilliDg  any  demand  I  have  had  to  make  on  it  in  the 
course  of  an  inqniry  which  has  proved,  I  believe,  a  fair  test 
of  its  efficiency. 

The  essential  characters  of  a  good  recording  apparatus 
seem  to  me  to  be : — 

1.  That  it  have  a  steady  motion. 

2.  That  it  possess  a  reasonable  variety  of  speeds. 

3.  That  it  can  be  readily  adaptable  for  both  smoked 

and  continuous  paper  work. 
These  properties  will,  I  believe,  be  fouud  in  the  apparatus  I 
am  about  to  describe. 

1.  Affajutcs  for  Shoksd  Paper. 
The  motive  power  employed  is  a  strong  clock  driven  by  a 
spring,  and  capable  of  running  for  15  minutes  without 
re-winding.  It  can  of  course  be  wound  without  interfering 
with  the  mnning.  This  part  of  the  apparatus  was  originally 
made  from  drawings  by  Mr  John  Shewan,  at  one  time 
laboratory  assistant  to  Professor  Rutherford.  It  is  shown 
with  the  drum  attached  in  PL  XII.,  Fig.  1.    The  clock  baa 
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When  the  clock  starts  running,  the  speed  increases,  the  plates 
tend  to  separate,  »nd  offer  an  increased  resistaoce  to  the  air. 

Two  different  speeds  can  be  obtained  by  means  of  an 
interchangeable  gearing  between  the  fourth  and  fifth  wheels  of 
the  train.  By  moving  a  check  on  the  lower  clock  plate,  the 
arbor  of  the  fourth  wheel  can  be  shifted  so  as  to  bring  a  pair 
of  wheels  of  different  diameters  into  gearing,  and  thus  the 
speed  is  increased  four  times,  The  arbor  of  the  second  wheel 
is  carried  1  in.  through  the  upper  plate,  and  is  brought  to  a 
quick  point  On  this  fits  tightly  a  circular  brass  disc  Ij  in. 
in  diameter,  in  such  a  way  as  to  have  the  pointed  end  of  the 
arbor  projecting  -J  in.  This  disc  has  two  stout  steel  pins 
J  in.  in  length,  screwed  into  its  upper  surface  near  its  margin, 
and  separated  from  each  other  by  ^  in.  The  spring  is 
wound  from  the  end  opposite  the  regulator,  by  means  of  a 
key  acting  on  it  by  a  pair  of  bevelled  wheels. 

The  clock  rests  on  three  legs,  one  under  the  regulator,  and 
a  pair  at  the  opposite  end.  These  latter  are  continued  up- 
wards into  two  uprights,  3j  in.  apart  at  the  base,  and  1^  in. 
at  the  top,  where  they  are  connected  by  a  stout  crosspiece. 
Two  cross  bars  at  the  lower  part  of  these  give  a  firm  con- 
nection to  the  clockwork  by  means  of  strong  screws.  On  the 
piece  joining  the  top  of  the  uprights,  a  thick  arm  of  brass  pro- 
jects 3  in.  over  the  clockwork,  and  receives  at  its  further  end 
a  pointed  steel  screw  with  milled  head  and  running  washer. 
The  point  of  this  screw  is  exactly  over  the  pointed  end  of 
tlie  arbor  of  the  second  wheel,  which  carries  the  brass  disc 
referred  to  above.  The  drum  is  6  in.  in  diameter,  and  5J  in. 
deep,  and  is  similar  in  construction  to  the  drums  ordinarily 
employed.  It  is  provided  with  a  collar  and  clamping  screw 
at  the  top,  so  that  it  can  be  fixed  at  any  point  on  the  spindle 
which  carries  it. 

This  spindle  is  a  well-turned  steel  rod  8  in.  in  length, 
and  -^  ill,  thick.  It  is  cupped  out  at  each  end,  so  as  to 
receive  the  bearing  points  already  described.  It  is  further 
pierced  by  a  hole  \  in,  from  the  lower  end.  When  in 
position  on  the  clock,  a  pin  passes  through  this  hole  and 
between  the  upright  steel  pins  on  the  disc  Thus,  when  the 
clock  is  started,  the  spindle  is  carried  round  with  the  disc. 


1 


348  Froetedings  of  tke  BoytU  Physical  Society. 

'Vnien  the  pin  is  withdrawn,  the  spindle  and  drum  can  be 
rotated  in  any  direction  without  affecting  the  clock.  The 
convenience  of  this  arrangement  will  be  apparent  when  the 
contiDuous  paper  apparatus  is  described  (PL  XII.,  Fig.  3). 
The  slow  speed  gives  one  revolution  in  35  seconds,  and  the 
quick  one  in  8  seconds.  The  clock  is  stopped  by  a  simple 
brake,  which  acts  on  a  disc  carried  by  the  governor  spindle. 
There  is  also  provided  a  more  rigid  check,  which  is  useful 
when  the  instrument  is  being  moved  about.  Under  such 
conditions,  the  light  brake  referred  to  might  be  shaken  off, 
and  permit  the  clock  to  start  This  extra  check  is  of  course 
not  required  when  the  clock  is  being  stopped  in  working,  as 
the  brake  referred  to  is  amply  secure  and  very  conrenient 

For  smoked  tracing  requiring  such  speed  as  that  mentioned, 
this  apparatus  will  be  found  quite  efficient.  It  would  serve 
well  for  demonstrating  such  experiments  as  those  on 
muscalar  contraction,  etc.  It  is  compact,  works  with  re- 
markable regularity,  and  can  be  employed  in  either  a  vertical 
or  horizontal  position. 

When,  however,  a  slower  rata  of  motion  is  reqnited,  the 
apparatus,  as  described,  is  of  no  use ;  and  in  order  to  provide 
in  a  simple  and  economical  fasbioo  such  a  variety  of  speeds 
as  may  be  necessary,  I  have  made  the  arrangement  shown  in 
PL  XIII. 
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parts — C  ill.,  4^  in.,  and  2^  in.  in  diameter  reBpectively. 
Thia  pulley  is  attached  to  a  collar  and  pinching-screw,  by 
which  it  can  be  fixed  at  any  point  on  the  spindle.  The 
spindle  is  cupped  at  both  ends,  and  turns  between  two 
bearing- points.  The  lower  one  is  fixed  to  tlie  horizontal  base 
of  a  strong  wooden  stand,  and  the  upper  is  borne  by  a  strong 
brass  arm,  which  projects  from  the  upright  part  of  the  stand. 

The  stand  is  made  of  two  pieces  of  tlioroughly  seasoned 
mahogany,  IJ  in.  tldck.  The  upright  part  measures  12J  in. 
by  8J  in.,  and  the  base  is  of  the  same  breadth,  and  7  in.  from 
before  backwards.  The  two  are  fastened  together  by  strong 
screws,  and  are  rendered  still  more  rigid  by  means  of  two 
iron  kneea. 

As  already  stated,  the  base  carries  a  bearing-point  for  the 
lower  end  of  the  spindle.  This  is  fixed  to  a  brass  disc,  which 
is  screwed  down  to  the  wood,  and  is  set  3  in.  from  the  front 
and  the  same  distance  from  the  right  side  of  the  base.  This 
brings  the  side  of  the  drum  to  be  flush  with  these  sides  of 
the  base.  The  upper  bearing  is  carried  by  a  heavy  brass 
knee,  \{  in.  broad  and  IJ  in.  thick,  firmly  screwed  by  its 
perpendicular  part  to  the  upright.  The  horizontal  arm 
carries  the  pointed  bearing-screw.  This  screw  is  similar  to 
that  in  the  frame  of  the  clock  already  described,  and  is  fixed 
in  the  same  way. 

The  distance  between  the  two  points  is  16^  in.  This 
length  of  spindle  enables  the  drum  to  be  moved  considerably 
more  than  twice  its  height  in  a  vertical  direction.  The 
pulley  on  the  spindle  is  adjusted  so  as  to  be  on  a  level  witli 
the  pulley  on  the  clockwork,  when  the  latter  is  on  the 
bracket  at  the  end  of  the  table.  A  soft  cotton  cord,  forming 
an  endless  band,  passes  round  one  or  otiier  groove  on  the 
pulley  of  the  clock  to  one  of  the  pulleys  on  the  spindle  of 
the  drum  ;  and  it  will  be  seen  that  a  considerable  variety  of 
speeds  can  be  obtained  by  changing  the  cord  from  one  groove 
to  the  other.  There  being  three  sizes  of  pulleys  on  the 
spindle  and  two  on  the  drum,  we  have  six  different  speeds 
with  each  speed  of  the  clock,  thus  giving  twelve  different 
speeds  by  this  means.  If  we  include  the  two  speeds  avail- 
able when  the  drum  is  driven  directly  by  clockwork,  we 
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have  in  all  fourteen  available  variations  of  rate  for  smoked 
work.  These  vary  from  one  revolution  in  8  seconds  to  one 
revolution  in  12  minutes.  Were  further  difTerences  of  rate 
rettuired,  they  could  be  obtained  by  increasing  the  complexity 
of  the  pulleys,  but  it  seems  to  me  that  the  arrangement  de- 
scribed is  ample  for  all  purposes. 

The  motion  is  exceedingly  steady,  and  the  stand  can  be 
readily  moved  on  the  table  so  as  to  adapt  it  to  the  recorders, 
it  being  only  necessary  to  see  that  the  band  is  kept  reasonably 
tight.  Further,  by  setting  the  clock  on  its  end  and  the  stand 
on  it«  upright,  the  drum  can  be  made  to  rotate  in  a  horizontal 
position.  The  direction  of  rotation  can  also  be  readily  reversed, 
when  vertical  or  horizontal,  by  twisting  the  cord  on  itself. 

2.  Apparatus  for  Continuods  Paper. 
The  Cambridge  Scientific  Instrument  Company  supply,  at 
a  cheap  rata,  recording  paper  in  long  rolls  and  of  any 
breadth.  Kach  of  these  rolls  is  provided  with  a  wooden  core 
2  in.  in  diameter,  and  pierced  by  a  hole  about  |  in.  in  dia- 
meter. Such  a  roll  is  fitted  on  a  brass  bobbin,  the  details  of 
which  are  seen  in  Fl.  XIV.,  Fig.  2.  The  bobbin  consists  of  a 
brass  tube  a  little  shorter  than  the  core,  and  fitting  it  tightly. 
This  tube  is  screwed  inte  a  bole  in  a  circular  brass  plate  8 
in,  in  diameter.  The  whole  is  set  iti  an  upright  iron  stand 
of  such  a  thickness  as  will  permit  the  tube  to  turn  on  it 
readily.      The  height  of  the  bobbin  is  regulated  by  a  collar. 
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clockwork  in  precisely  tlie  same  way  as  was  the  drum  in 
PL  XII.  This  bobbin  ia  6^  in.  in  length,  3  in.  in  diameter, 
and  a  flange  at  its  tower  end  projects  2  in.  all  round. 
There  is  also  a  narrow  flange  at  the  top.  The  end  of  the 
paper  is  attached  to  this  bobbin  by  a  little  gum,  and  on  the 
clock  being  started  the  paper  is  wound  on  to  the  bobbin, 
passing  in  a  steady  fashion  over  the  drum,  which  turns  with 
it,  and  forms  an  excellent  recording  surface. 

This  simple  arrangement,  by  which  the  paper  is  wound  up 
as  it  passes  tlie  pens,  instead  of  running  out  on  the  table  or 
floor  as  it  does  in  some  other  foims  of  continuous  apparatus, 
is,  I  take  it,  a  considerable  advantage.  In  the  latter  case  the 
paper  gets  much  in  the  way,  and  ia  apt  to  he  torn  when  it 
comes  to  be  rolled  up  qi  examined,  the  coils  frequently 
getting  mixed  up.  The  only  objection  to  the  system  that  I 
can  conceive  is,  that  the  rate  of  motion  past  the  recorders 
will  increase  slightly  as  the  bobbin  gets  filled,  but  this  ia  of 
course  readily  checked  by  the  time  markers.  Should  it  be 
desired,  however,  to  have  the  paper  miming  out  without 
being  wound  up,  a  pair  of  friction  rollers  can  be  pressed  on 
to  the  bobbin,  and  the  paper  run  out  in  the  ordinary  way. 
The  attachments  for  these  rollers  are  seen  to  the  left  upright 
on  the  clock  frame,  PI.  XIII. 

When  the  paper  ia  to  be  removed  from  the  bobbin,  the 
web  is  cut  through,  the  clock  turned  on  ita  end,  and  the  pin 
withdrawn  from  the  lower  end  of  the  spindle.  In  this  way 
the  paper  can  be  unwound  and  rolled  or  folded  into  lengths 
03  may  be  convenient. 

The  entire  apparatus  can  be  made  by  Messrs  H.  &  J. 
Millar,  clockraakers,  Castle  Bank  Works,  for  something  under 
£10. 

3.  Time  Maukek. 

When  long  tracings  are  being  taken,  the  attention  de- 
manded in  order  to  keep  the  pens  supplied  with  ink  is  often 
considerable.  With  the  view  of  reducing  this  somewhat,  I 
venture  to  describe  an  arrangement  of  time-marking  pens 
which  I  have  found  exceedingly  convenient. 

The  idea  is  a  modification  of  the  neat  time-marker  of  th« 
Cambridge  Scientific  Instrument  Company,  and  is,  I  believe. 
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5.  Automatic  Kiy. 
Fig.  3,  PI.  XV.,  shova  a  simple  key  which  caa  be  em- 
ployed as  an  automatic  make  or  break  key.  It  is  fixed  to 
the  upper  plate  of  the  clockwork  (PL  XII.,  Fig.  1)  by  an 
adjustable  clamp  seen  id  the  figure.  It  is  set  ao  that  the 
arm  projecting  up  from  the  bar  of  the  key  is  juet  touched  by 
a  light  steel  spring  which  can  be  adjusted  to  the  lower  end  of 
the  drum,  but  which  is  not  shown.  If  the  wires  are  attached 
at  the  binding  screws  on  the  right,  the  current  will  flow 
through  the  key  when  in  the  position  shown.  As  the  point 
of  the  drum  referred  to  comes  round,  it  touches  the  arm, 
throws  over  the  key,  and  breaks  the  current.  On  the  other 
hand,  if  the  wires  are  connected  to  the  screws  on  the  left, 
no  current  will  flow  with  the  key  in  the  position  shown,  but 
when  turned  over  by  the  drum,  circuit  will  be  made  by  the 
left  contact  dropping  into  the  mercury  cup. 


XXVII.  JUmarks  on  the  Ovary  of  Echidna.  By  Frank  E. 
Beddard,  Esq.,  M.A,  F.R.S,E,  F.Z.S.,  Prosector  to 
the  Zoological  Society  of  London.  [Plates  XVI., 
XVII.] 

(Bead  21it  Jatiiutr;  I88S.) 
During  the  past  year  the  re-discovery  by  Mr  Caldwell  of 
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to  the  fact  that  these  mamiuals  lay  e^s;  he  stated  that 
epecimena  of  the  eggs  had  been  sent  to  London.  A  few 
years  later  (1829)  Geoffroy  St  Hilaire  communicated  a  papev 
to  the  French  Academy  upon  the  same  subject.  This  naturalist 
described  and  figured  the  egg  of  Omithorhynchus,  and  made 
use  of  this  fact  in  its  life-history  as  an  additional  ai^ument 
against  including  the  Monotremata  among  the  Mammalia. 
It  was  the  opinion  of  Geoffroy  St  Hilaire  and  also  of  Lamarck 
that  the  Monotremata  should  form  a  distinct  class  of  the 
Vertebrata,  equivalent  to,  and  not  included  in,  the  Mammalia. 

I  need  not  recapitulate  here  the  numerous  other  papers 
and  notices  respecting  the  eggs  of  the  Monotremata,  but 
refer  the  reader  to  Mr  Spencer's  review  for  further  details  on 
the  subject.  There  are  several  papers,  however,  which  have 
appeared  since,  and  have  not  therefore  been  referred  to  in 
the  review  from  which  I  have  quoted.  One  of  them  is  by 
Sir  Richard  Owen,  who  has  re-described '  and  figured  the 
generative  oi^ns  of  a  female  example  of  the  Australian 
Ant-eater;  both  the  uteri  of  this  specimen  contained  a  "  col- 
lapsed ovum,"  which  was  shown  to  be  entirely  unconnected 
with  the  walls  of  the  uterus. 

A  recent  number  of  the  Zoologischer  Anzeigtr^  contains  a 
paper,  by  Dr  W.  Haacke,  on  the  ova  of  Echidna,  and  the 
same  gentleman,  on  Thursday,  January  8,  communicated  an 
account  of  the  discovery  of  this  fact,  together  with  observa- 
tions on  the  pouch  and  the  mammary  glands  of  the  male,  to 
the  Royal  Society  of  London,  which  are  not,  of  course,  pub- 
lished as  yet.  In  the  paper  in  the  Zoologischer  Anzm.ger,  Dr 
Haacke  describes  having  found  an  egg  in  the  pouch  of  an 
Echidna  "  about  2  mm.  long,  and  having  a  shell,  as  in  many 
reptiles,  of  a  parchment-like  consistency." 

Mr  Caldwell's  telegram  to  the  British  Association  con- 
tained another  statement,  and  one  of  greater  importance — 
viz.,  that  the  ova  of  tlie  Monotremata  are  meroblastic ;  and 
this  is  the  real  essence  of  the  discovery.  Unlike  what  is 
found  in  other  mammalia,  the  ova  of  the  Monotremata  only 
undergo  partial  segmentation.  The  large  ovum  ia  furnished 
>  Ann.  sod  Mag.  Nat.  HUI.,  Drc.  18S4. 
'  Jnhrg.  vii.,  No.  laz,  Dec.  188*. 
VOL  viri.  Z 
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with  abundant  yolk,  and  the  process  of  cell  diviaioo  is  con- 
fined t«  a  protoplasmic  genninitl  disc,  and  does  not  isclade 
the  jolk.  The  early  developmental  stages  of  the  Monotre- 
mata  therefore  are  necessarily  Bimilar  to  the  corresponding 
stages  in  the  development  of  the  Sauropsida,  and  so  far  dis- 
similar to  the  other  groups  of  the  Mammalia.  This  fact  has 
perhaps,  as  has  been  suggested,  some  bearing  upon  the  origin 
of  the  Mammalia,  as  tending  to  show  that  they  have  been 
the  offspring  of  Sauropsidan-UIce  ancestors,  and  have  not 
been  derived,  as  has  hitherto  been  believed,  from  a  gronp 
more  closely  resembling  the  existing  Amphibia,  inasmuch  as 
the  ova  of  the  latter  group  undergo  total  segmentation.  It 
is  obvious,  however,  that  this  deduction  may  be  questioned, 
and  no  doubt  Mr  Caldwell  will  be  able  to  furnish  more 
evidence  on  the  point  from  a  study  of  the  whole  course  of 
development  of  the  Monotremata. 

With  regard  to  the  partial  segmentation  of  the  ova  of  the 
Monotremata,  it  appears  to  me  to  be  just  to  remind  the 
Society  that  my  friend  Mr  £.  B.  Foulton  had  previously 
described  the  structure  of  the  ovarian  ovum  of  Omithor- 
hynchus,  and  to  some  extent  of  Eekidiui,  and  that  his  results 
had  rendered  it  extremely  probable  "  that  s^mentatlon  is 
unequal,  perhaps  partial."  This  does  not,  of  course,  detract 
from  the  merit  of  Mr  Caldwell's  discovery,  who  independently 
proved  to  be  a  certainty  what  Mr  Foulton  could  naturally 
only  roj,'aril  ;is  a  prolmbility. 
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malia,  where  the  follicular  epithelium  surrounding  the  fully- 
developed  ova  is  always  composed  of  a  great  number  of 
layers  of  cells,  which  form  a  specially  dense  accumulation  in 
the  region  of  the  ovum,  the  so-called  disais  prolif/cnts,  the 
rest  of  the  GraafBan  follicle  being  filled  with  fluid.  It  is 
only  during  the  earlier  stages  of  the  development  of  the 
ovum  in  the  mammalian  ovary  that  the  follicular  epithelium 
consists  of  but  a  single  layer  of  columnar  cells.  These  facts 
are  well  illustrated  by  several  figures,  which  represent  the 
ova  and  portions  of  the  ovary  of  Omithorhyndius. 

The  opportunity  of  carefully  preserving  the  ovaries  of 
Echidna  for  histological  study  has  been  afforded  me  by  the 
recent  death  of  a  specimen  in  the  Zoological  Society's  Gardens, 
and  I  think  it  worth  while  to  publish  my  results,  since  they 
are,  to  some  extent,  fuller  than  those  of  Mr  Poulton  (who 
had  only  comparatively  poor  materials  to  work  at),  though  in 
regard  to  the  imporhint  fact  relative  to  the  structure  of  the 
follicle  I  can  only  confirm  the  accuracy  of  his  account. 

Mr  t'oulton's  description  of  the  ovary  of  Echidna,  is  as 
follows :  "  The'  condition  of  the  ovaries  of  Echidna  was  such 
that  I  could  make  out  nothing  except  the  important  fact  that 
the  follicular  epithelium  and  zona  pcllucida  are  similar  to 
(h-nithorhynchus."  Although  this  sentence  contains  a  correct 
statement  of  two  of  the  most  important  facts  in  the  constitu- 
tion of  the  ovum  and  follicular  epithelium  of  Echidna,  the 
matter  appears  to  me  to  be  worth  going  into  in  further 
detail,  and  that  1  have  attempted  to  do  in  the  present  paper. 

The  epithelium  covering  the  ovaries  externally  consists  of 
a  single  layer  of  columnar  cells,  the  size  of  which  is  not 
absolutely  uniform  over  the  whole  organ ;  in  certain  regions 
the  cells  are  considerably  taller  than  in  other  regions.  The 
follicular  epithelium  of  the  ovarian  follicles  shows  a  greater 
resemblance  to  the  onter  columnar  epithelium  of  the  ovnrj- 
in  the  character  of  the  cells  which  form  it;  and  this  fact  is 
not  remarkable,  since  it  is  well  known  ^  that  the  follicular 


'  Tliis  is  1  point  nn  tvliicli  opiniona  dilTei 
follicniHr  epitboUnm  is  n  derivation  of  tlie  ovarinn  atronm. 
cdilinn  of  Qnain's  "Anntoniy  "  [iiinlli  edition)  apppatB 
given  in  the  test. 
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epithelium,  as  well  as  the  ovum,  is  derived  from  the  outer 
columnar  epithelium  of  the  ovary.  But  what  is  remarkable 
is  that  the  follicular  cells,  during  the  earliest  stages  of  the 
developmoDt  of  the  ovum,  are  flattened  and  quite  different  in 
appearance  from  what  they  presently  become,  as  well  as 
difT^nnt  from  the  cells  whence  they  are  derived.  The 
columnar  epithelium  was  frequently  distinguishable  by  hav- 
ing become  less  deep  stained  by  Borax  carmine  than  the 
subjacent  tissues.  Beneath  the  columnar  epithelium  is  the 
ovarian  stroma,  which  does  not  appear  to  present  any  great 
difference  from  the  same  tissue  in  other  Mammalia.  The 
outer  layer  of  the  stroma — that  containing  the  ovarian  fol- 
licles in  various  stages  of  development — is  a  more  compact 
tissue,  and  not  nearly  so  vascular  as  the  central  core  of  the 
ovary,  which,  in  all  the  sections  examined  by  me,  was  filled 
with  numerous  large  blood-vessels,  which  were  extremely 
conspicuous  through  having  in  most  cases  retained  their  fluid 
contents.  In  the  outer  part  of  the  ovary  but  few  blood- 
vessels were  observable,  except  in  the  immediate  neighbour- 
hood of  the  ova.  The  central  tissue  of  the  ovary  is  also 
remarkable  for  the  abundant  presence  of  roundish  cells  ar- 
ranged in  groups  and  strings,  and  largely  filled  with  a 
yellowish  matter  of  a  fatty  appearance.  These  are  pre- 
sumably the  remnants  of  the  Wolffian  tubules. 

The  immature  ova  are  invariably,  as  would  naturally  be 
expected,  placed  close  to  the  surface  of  the  ovary;  they  are 
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a  distinct  wall  from  the  surrounding  substance  of  the  ovum ; 
as  a  rule  it  appears  to  be  ecceatric  iu  position  even  in  the 
youngest  ova,  though  occasionally  it  is  nearer  to  the  centre. 
The  contents  of  the  germinal  vesicle  present  the  appearance 
of  being  fluid  or  semifluid ;  in  moat  cases  its  substance  had 
shrunk  away  from  the  wall,  and  filled  only  half  the  space. 

In  ova  about  twice  the  size  of  those  just  described,  and 
figured  in  PI.  XVII.,  Fig.  6,  the  vitelline  membrane  appears 
as  an  obvious  limiting  membrane  of  the  ovum.  In  a  more 
mature  ovum,  such  as  that  figured  on  PI  XVII.,  Fig.  7,  the 
following  structures  can  be  easily  recognised :  The  ovum  is 
bounded  externally  by  a  stoutish  homogeneous  membrane  (m), 
which  stains  deeply  with  Borax  carmine ;  this  appears  to  he 
the  z<ma  pellucida.  It  is  about  half  the  diameter  of  the 
follicular  epithelium  (/),  from  which  it  is  naturally  sharply 
marked  off  as  from  the  subjacent  yolk.  Generally  speaking, 
however,  the  ovum,  when  it  shrinks  away  from  the  wall  of 
its  follicle,  carries  the  follicular  epithehum  with  it  The 
z(ma  pellucida  appears  to  me  to  be  the  only  e^  membrane 
in  Eclddna.  I  did  not  succeed  in  recognising  any  of  the 
subjacent  layers  figured  and  described  by  Mr  Poulton  in 
Omithorhynekm ;  only  the  central  portion  of  the  membrane 
presented  the  appearance  of  a  greater  density  than  the  outer 
and  inner  layers,  and  in  the  sections  studied  by  me  was 
somewhat  more  deeply  tinged  by  the  staining  re-agent  1 
am  not  at  all  clear,  however,  that  this  was  not  an  optical 
delusion  caused  by  the  displacement  of  the  follicular  cells, 
or  the  crumpling  of  the  zona  pclludda  itself,  inasmuch  as  I 
was  unable  to  trace  the  darker  band  round  the  whole  circum- 
ference of  the  ovum,  and  I  only  occasionally  noticed  its 
presence.  Immediately  beneath  the  zona  pellucida  is  a  layer 
of  finely  granular  yolk,  the  extent  of  which  is  about  equal  to 
the  diameter  of  the  folliculai'  epithelium  and  the  zona  pel- 
lucida taken  together;  this  peripheral  layer  of  the  yolk  is 
hardly  at  all  affected  by  Borax  carmine.  The  main  portion 
of  the  ovum  is  made  up  of  a  protoplasmic  reticulum,  indi- 
cated by  the  blacker  lines  on  Fig.  7,  which  becomes  very 
deeply  stained  by  Borax  carmine,  and  in  successful  prepara- 
tions is  for  this  reason  extremely  obvioua.     The  meshes  of 
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this  Detwork,  which,  aa  shown  in  the  figure,  are  not  of 
uoiforai  size,  but  vary  somewhat,  enclose  the  yolk  "cells;" 
the  1att«r  are  aggregations  of  minut«  spherules,  or  consist  of  a 
single  drop  of  fat  which  occupies  the  whole  space.  Interme- 
diate stages  between  these  two  conditions  are  observable  as 
may  be  seen  from  the  figure,  and  also  from  Fig.  5,  which  repre- 
sents a  portion  of  the  network  much  more  highly  magnified. 

The  section,  of  which  Fig.  7  is  an  lllusbation,  was  one  of 
a  fortunately  complete  series  through  a  large  ovum  rather 
more  than  1  mm.  in  diameter;  I  have  been  able  therefore  to 
note  the  structure  and  position  of  the  germinal  vesicle.  In 
my  sections  the  germinal  vesicle  ig-v.)  was  conspicuous  through 
having  been  well  stained  by  the  Borax  carmine ;  it  is  situated 
eccentrically  apparently  at  the  junction  of  the  peripheral 
homogeneous  part  of  the  yolk  with  the  central  portion, 
but  chiedy  in  the  latter;  it  is  bounded  by  a  distinct 
membrane;  the  germinal  spot  (^.s.)  was  also  conspicuous, 
and  situated  again  eccentrically  within  the  germinal  vesicla 
The  substance  of  which  the  germinal  vesicle  is  composed  has 
the  appearance  of  a  fluid  or  semifluid  material,  which  has  be- 
come coagulated  by  the  re-agents  used  in  the  hardening  of  the 
tissue.  I  could  see  no  network;  the  outer  part  of  the  germinal 
vesicle  was  rather  more  deeply  stained  than  the  inner  portion. 

The  lai^est  ovarian  ova  of  Echidna,  measuring  up  to  three 
millimetres  in  diameter,  appeared  to  consist  of  hardly  anything 
more  thau  a  mass  of  yolk  spherules  closely  aggregated  to- 


Mr  F.  E,  L'cddard  an.  (he  Ovary  of  EuliiJna, 


361 


L 


1  was  able  to  examiue  a  complete  (ur  nearly  complete) 
seiiea  through  an  ovum  of  this  size,  and  I  failed  to  observe 
aiiy  trace  of  an  egg-membrane  or  follicular  epitlielium.  As 
shown  in  the  figure,  the  ovum  appears  to  be  contained  within 
a  capsule  formed  of  a  specially  thickened  layer  of  the  ovarian 
Btroiiia.  It  does  not,  however,  seem  likely  tliat  both  the 
vitelline  membrane  and  the  follicular  epithelium  would  dis- 
appear in  this  way ;  and,  unfortunately,  I  could  not  examine 
any  ova  intermediate  in  size  between  this  stage  and  ova  of 
1  mm,  or  leas  in  diameter  like  that  figured  on  PI.  XVII.,  Fig.  7. 

Formation  of  Corpora  lutea. — My  observations  on  the  for- 
mation of  the  corpora  lutea  difl'er  somewhat  from  those  of 
Mr  Poulton  for  Ornithorkynchvs.  The  fibrous  layer  of  the 
follicle  becomes  very  thick,  and  the  follicle  itself  becomes 
filled  with  a  homogeneous-looking  mass  (PL  XVII.,  Fig.  16), 
which  stains  readily  with  Borax  carmine;  Irahcailm  of  the 
iibrous  tissue  outside  the  follicle  gi-ow  into  it,  and  gradually 
obliterate  the  cavity ;  the  mass  in  the  centre  of  the  foUioIe 
does  not  disappear  lor  a  considerable  time,  but  remains 
divided  into  a  number  of  fragments  by  the  trabecular  out- 
growth of  the  follicular  wall.  The  peculiar  yellow  cells  (a) 
appear  in  the  interior  of  the  trabeeula:,  and  increase  in 
number,  finally  occupying  the  whole  of  the  follicle.  The 
appearance  of  the  yellow  cells  which  constitute  the  corpus 
luteum  at  its  last  stage  of  degeneration  is  extremely  like 
that  of  the  cells  which  are  supposed  to  be  the  remains  of  the 
Wolffian  tubules. 

The  results  contained  in  this  paper  show  that  in  every 
essential  point  in  the  structure  of  the  ovum  and  its  follicle, 
Mchidna  agrees  with  Omithorhynchus,  as  described  by  Mr 
Poulton.     They  may  be  briefly  stated  as  follows ; 

(1.)  The  follicular  epithelium  continues  to  invest  the  ovum 
tliroughout  its  sojourn  in  the  Graaliiuu  follicle  as  a 
single  layer  of  cells  only,'  as  in  the  lower  Vertebrata. 

>  1  am  not  quile  ceilaln  a»  to  this  p^inl.  In  Ibe  large  ovum  figored  on 
rlute  XVII.,  Fig.  7,  I  have  indicated  tn-o  roKE  of  fotllcuUr  cells,  and  occs. 
tiunally  tlivro  s{i|>ean:il  to  b«  three.  Two  or  three  layers  of  ralUcuIsr  c«lla 
nru  round  in  the  oviriiin  ova  of  birds,  nnd  1  ud  thererore  inclined  to  thiok  inj 
obMrvntiom  nre  correct  and  not  liosod  upon  durcctivo  jjrejwntiona. 
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(2.)  The  OTum  completely  fills  up  the  follicle. 

(3.)  The  mature  ovum  is  of  immense  size  compared  with 
that  of  other  mammala 

(4.)  The  OTum  is  invested  externally  by  a  single  membrane, 
which  has  a  more  or  less  laminated  structuie,  and 
corresponds  to  the  vitelline  membnwe ;  then  is  no 
zona  raduUa  present  at  any  period  (?).  The  vitelline 
membrane  atrophies  or  becomes  extremely  thin 
when  the  ovum  has  attained  maturity. 

(5.)  The  contents  of  the  ovum  are  dtfTerentiated  into  a 
finely  granular  peripheral  layer,  and  a  central  por- 
tion consists  of  lai^er  and  smaller  yolk  spherules 
enclosed  in  the  meshes  of  a  fine  protoplasmic  net- 
work. 

(6.)  The  germinal  vesicle,  with  its  germinal  spot,  lies 
eccentrically,  within  the  peripheral  layer. 

EXPUKATIOK  OF  PU.TB8. 

PLATE  XVI. 

Tnngreno  wction  tbToogh  a  portion  of  the  ovar;  of  Echidiia,  magnified 

■boat  18  diftmeten  to  show  the  Tolative  size  of  otb  in  their  diflerent  itagM  of 

development :    a,  h,  e,  ova  in  varions  itages  of  development ;  ct,  ovarian 

atroma  ;  «,  blood.veBael. 
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XXVIII.  On  Reproduction  o/Zod  Parts  and  Abnormality. 

By  Professor  Dons,  D.D.,  F.E.S.E.  President. 

(Bead  ISth  April  1886.) 

We  are  as  yet  far  short  of  data  sufficient  to  warrant  a 
philosophy  of  zoology  within  which  to  find  a  fit  place  for  the 
forma  referred  to  in  the  title.  But  there  are  abundant 
materials  ever  at  hand  for  the  exercise  of  the  pliilosophic 
spirit,  in  showing  that  this  branch  of  science  is  far  more  than 
a  technical  representation  of  parts  and  their  dependencies — 
more  than  mere  scientia  rerum.  It  is  the  "  scientia  rerum 
cum  cavsis,"  a  favourite  dictum  of  the  old  workers  in  another 
department.  Among  the  good  things  of  Darwinism  is  the 
prominence  it  gives  to  the  thoughts  which  underlie  things, 
and  the  conviction  it  works  in  those  who  read  it  rightly,  that 
this  thought  is  as  real  as  the  things,  and  both  as  real  as  the 
thinker.  Thus  inferences  are  as  reliable  as  the  data  which 
wan-ant  them,  and  both  are  equally  abiding.  We  all  feel 
the  temptation  to  be  satisfied  with  phenomena,  but,  in  the 
measure  in  which  we  yield,  we  fall  short  of  our  work,  and 
become  biological  hodmen,  handling  the  parts  of  which  the 
house  of  life  is  built,  but  discerning  not  purpose  or  prevision 
of  any  sort  in  protozoan  or  in  mammal  which  it  is  to  lodge. 
Yet  the  purpose  is  as  real  and  true,  1  had  almost  said,  sub- 
stantial, as  the  albumenoid  mass  of  the  one,  or  the  compli- 
cated organs,  inter- dependencies  of  organs,  and  tlieir  parts,  of 
the  other.  It  would  be  an  insult  to  the  botanist  to  say  that  the 
only  difi'erence  between  his  estimate  of  a  primrose  and  that 
of  "  Peter  Bell,"  is,  that  while  to  the  latter  it  "  a  yellow  prim- 
rose was  to  him  and  nothing  more,"  to  the  former  it  was 
Primula  vulgaris,  or  perhaps  P.  vulgaris,  varietal  acaviis ! 
It  is,  however,  possible  to  fail  to  recognise,  and  to  make 
nothing  of  the  persistent  working  towards  individualism  of 
that  one  life-force  which,  while  preserving  unity,  finds  room 
vrithin  it  for  untold  variety,  ond  which  gives  root  and  leaf 
and  flower  and  colour,  and  utilises  air  and  sunlight,  dew  and 
rain,  cold  and  heat. 

I  make  these  general  remarks  chiefly  to  indicate  that  it  is 
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to  the  feeling  underlyiDg  them,  that  we  are  indebted  for 
some  of  the  most  important  coDtributiona  towarda  a  philo- 
sophy of  zoology.  Thus  Cuvier's  "  theory  of  coirelation  "  of 
parts  of  structure  and  form,  j^tienne  Geoffroy  St  Hilaire's 
"  theoiy  of  connections  "  of  identical  parts  in  identical  rela- 
tions, and  Von  Uaer's  embryological  types.  E.  G.  St  Hilaire's 
theory  was  urged  by  him  as  truer  to  nature  than  that  of 
Cuvier.  But,  however  interesting  an  analysis  of  the  two 
schemes  and  a  discussion  on  the  merits  of  the  controversy 
m^ht  be,  they  would  be  out  of  place  here.  I  refer  to  the 
controversy  because  it  early  led  to  a  most  important  ques- 
tion—"What  are  we  to  make  of  these  wide  divergences  from 
normal  structure  and  even  from  specific  features  which  occur 
within  all  zoological  classes  ? "  The  desire  to  answer  this 
gave  the  doctrine  of  Abnormalities  or  Teratology,  and  led  to 
the  more  recent  attempt  to  account  for  these,  or  the  doctrine 
of  Teratogtnie.  The  classical  work  on  the  former  is  St 
Hilaire's  "  Histoire  General  et  Particulaire  de  L'Oi^anisation 
ohez  L'Homme  et  Les  Animaux  " — three  volumes  and  AtJas, 
Paris  1832 ;  and  that  on  the  latter  is  M.  Camilla  Dareste's 
"  Recherches  sur  la  Production  Artificielle  de  Monstroeit^s  " 
— one  volume  8vo,  with  illustrations,  Paris  1877.  M.  Dareste 
has  also  published  many  separate  papera  on  the  same  subject. 
St  Hilaire's  theory  was  virtually  the  full  restatement  of 
another  which  has  ever  been  attractive  to  a  laige  school  of 
French  workers,  "  the  chain  of  beings  "  theory — La  Chaitu 
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deserve.  At  least,  lew  will  now  give  them  the  hiyh  plauo 
they  once  held  in  hiulogy,  Science  seems  to  me  to  lead  to 
the  very  edge  of  an  explanation,  but  I  douht  if  it  can  ever 
go  t'aither.  Dareste'a  object  is  to  allow  how  abnormalities 
can  he  artiBcially  produced,  with  the  view,  evidently,  of 
suggesting  that  the  cause  being  known  might  lead  to  pre- 
vention if  not  to  cure.  While  both  authors  use  the  term 
"abnormal,"  both  equally  question  its  appropriateness,  and 
desire  to  bring  all  the  phenomena  to  which  it  points  into 
natural  lines. 

I  have  associated  the  reproduction  of  lost  parts  with  the 
occurrence  of  ahnormalities,  because  both  point  to  char- 
acteristic features  of  the  one  life,  in  conditions  unfavour- 
able to  its  nulural  growth  and  expression,  and  also  because 
the  injuries  which  make  reproduction  necessary,  may,  and 
often  do,  lead  to  abnormal  forms.  (Tliia  was  illustrated  by 
tho  exhibition  of  the  pastern  and  coffin  bones  of  the  horse  in 
an  abnormal  condition.) 

The  phenomena  of  reproduction  of  lost  parts  are  met  with 
in  all  the  classes,  both  of  invertebrate  and  vertebrate  animals, 
and  point  to  phases  of  success  in  the  effort  to  overcome 
hindrances  to  living,  not,  perhaps,  sufficiently  appreciated. 
To  indicate  the  wide  range  within  which  instances  of  repro- 
duction of  parts  occurs.  I  need  only  mention  that  examples 
under  HydTUfa-,  llolothuridas,  Asleridte,  and  Cancerida:,  among 
invertebrates,  have  come  under  my  own  observation.  As  to 
the  lost  named,  there  is  an  exceedingly  able  and  interesting 
pa[ier  on  its  occurrence  among  common  crabs,  by  Hany  D. 
Goodsir  (printed  in  volume  ii  of  "  Anatomical  Memoirs  of  J, 
Goodsir,"  edited  by  Turner  and  Lonsdale).  Goodsir  shows 
that  if  the  phalange  of  the  leg  of  the  common  crab  be  injured, 
the  animal  at  once  throws  ofT  the  remaining  parts  of  the 
limb  close  to  the  body.  By  which  act,  as  he  proves,  it  botit 
saves  the  loss  of  blood  and  lays  bare  the  organ  wliicb  is  to 
reproduce  the  lost  limb. 

As  to  lishes,  Gunther  has  pointed  out  ("  Study  of  Fishes," 
p,  188,  1880)  that  the  power  of  reproduction  of  lost  parts  in 
the  TeleosUi  is  limited  to  the  delicate  terminations  of  their 
lin-rays,  and  the  various  tegumentary  filaments  with  which 
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some  are  provided.  In  Dipnoi,  as  Ceratodus  and  Protopttrut, 
the  terminal  portion  of  the  tail  is  reproduced,  but  without 
the  notochord.  Di  Traquair  has,  however,  shown  from  two 
specimens  of  Protopterua  anmclans,  that  the  restoration  of 
the  tail  carried  with  it  the  restoration  of  the  notochord  also. 
In  the  same  paper,  read  at  the  Edinburgh  Meeting  of  the 
British  Association,  1871,  it  was  stated  that  the  nenral  and 
hfemal  arches,  spines,  and  fin-supports  were  restored,  these 
elements,  however,  remaining  entirely  cartilaginous.  But,  as 
regards  the  restoration  of  injured  fins,  there  are  many  excep- 
tions. For  example.  Sir  William  Jardine  refers,  in  the 
£dinlrurgh  Philosophical  Journal  for  1866,  to  the  case  of 
salmon  which  were  marked  as  "  parrs  "  by  cutting  off  their 
small  thick  dorsal  fin,  and  this  served  to  mark  the  individuals 
till  the  "  grilse  "  state.  The  wound  made  by  marking  became 
covered  with  skin,  and  in  some  of  the  specimens  a  coating  <^ 
scales  had  partly  formed.  In  addition  to  the  parts  already 
mentioned,  the  cephalic  tentacles  of  the  fishing  &og  (Lophiua 
piacaloriua)  are  very  frequently  injured,  and  as  frequently 
reproduced. 

But,  perhaps,  it  is  among  the  Reptilia  that  we  meet  with 
the  most  numerous  instances  of  waste  and  repair,  loss  and 
reproduction  of  organs.  When  characterising  the  Water 
Salamanders,  Van  der  Hoeven,  referring  to  the  ohservationa 
of  Blumenbach  and  Bonnet,  says  their  "  reproductive  power 
is  very  great :  in  these  not  only  the  tail  and  l^s  that  have 
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marks.  In  this  case  fths  of  an  inch  of  bone  had  been  added 
in  the  process  of  reproduction.  Owen  says,  "  no  instance  of 
the  restored  tail  shows  ossified  vertebra;."  It  is  thus  not 
unlikely  that  the  external  marks  of  break  may  be  in  the 
integument  alone.  This  might  have  been  shown  under 
dissection,  but  I  was  unwilling  to  interfere  with  the  specimen 
before  showing  it  to  the  Society.  In  the  same  way  also  it 
might  have  been  ascertained  whether  we  have  in  both  forks, 
severally,  proportional  distribution  of  the  extensor  and  flexor 
muscles  of  the  tail.  The  tendency  to  divide  can  be  seen 
over  If  in.  before  it  takes  place,  and  tlie  free  forks  are  1^  in. 
in  length ;  the  whole  length  of  the  abnormal  tail  will  thus 
be  IJ  in.  Another  specimen  is  shown,  which  also  bears 
marks  of  injury  ;  but  if  this  is  also  an  instance  of  reproduc- 
tion, there  has  been  no  tendency  to  divide.  Tlie  tail  is 
symmetrical,  though  not  of  the  normal  length,  and,  as  ascer- 
tained by  probing,  tlie  ossified  vertebra  are  present  The 
third  specimen  bears  clear  marks  of  break,  but  the  example 
seems  one  of  repair  and  not  reproduction,  for  the  tail  is  of 
the  usual  length  and  the  vertebrre  entire  throughout.  All 
the  specimens  were  obtained  from  Old  Calabar. 

Reference  has  already  been  made  to  the  frequent  occur- 
rence of  the  loss  of  parts  among  the  reptilia.  This  may  at 
once  be  seen  by  taking  the  order  Sauria  and  glancing  over 
any  work  on  regional  representatives  of  the  order,  as,  say  Gun- 
ther's  "  Reptilia  of  British  India  "  (Ray  Society,  1864).  Such 
notices  as  the  following  occur :  Acontiadidie ;  Ifessiaburtoni — 
tail  elongate,  generally  shorter  than  the  body  from  its  being 
constantly  broken  off  and  reproduced.  Geckotidie ;  Qecko — 
tail  generally  verticillated,  and  breaks  off  so  readily,  that  the 
slightest  fear  will  make  them  shake  off  their  tails.  When 
the  tail  is  reproduced  it  ia  rounder  and  thicker.  Hcmidadyhis 
matndatus — tad  more  rounded  than  before  it  was  broken  oil'. 
EtiblephaTw — tail  fragile  and  easily  reproduced.  It  is  worth 
noting,  however,  that  as  to  Draco,  Gunther  says — "We 
have  never  seen  a  Dr^on  in  which  the  tail  had  been  repro- 
duced, nor,  indeed,  with  this  member  mutilated.  Perhaps 
the  tail  is  necessary  for  their  peculiar  locomotion." 

I  had  intended  to   refer   to   reproduction   of  lost   parts 
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among  birds,  but  muat  pasa  from  this  in  the  meantime.  Its 
occarrence  among  mammals,  and  especially  in  the  case  of 
man,  ia  well  marked,  though  comparatively  rare.  This  is  a 
wide  subject,  and  might  be  very  fully  illustrated,  but  I  con- 
tent myself  by  aimply  recalling  the  attention  of  some  of  our 
yonng  anatomists  to  a  paper  by  Goodair,  read  to  the  Medico- 
Chirurgical  Society  in  1844,  and  printed  in  his  "  Anatomical 
Meraoira"  The  question  diaeuased  arose  out  of  a  paper  com- 
mnnicated  by  Professor  Syme  to  the  Eoyal  Society  of  Edin- 
bnrgh,  and  published  in  vol.  xiv.  of  its  Transactions.  Syme 
aiked  "  whether  the  periosteum  or  membrane  that  covers  the 
surface  of  the  bonea,  poasesses  the  power  of  forming  new 
osaeoua  substance  independently  of  any  assistance  from  tho 
bone  itaelf  ?"  There  are  some  things  in  Goodsir's  answer  to 
Synie  fitted  to  shed  light  on  the  controversy  between  Bnsoh 
and  Wolff  as  to  the  laws  of  ossification,  referred  to  in  the 
Proceedings  of  the  Physiological  Society  of  Berlin,  as  re- 
ported in  last  number  of  Nature.  I  am  not  going  into  the 
merits  as  between  Syme  and  Goodsir.  They  were  full  of 
interest  to  me  at  the  time,  and  linked  into  some  of  the  studies 
of  my  own  college  days,  and  they  are  full  of  interest  still. 
But  I  notice  them  for  the  sole  purpose  of  pointing  to  an 
instance  of  reproduction  in  the  long  bonea,  the  radiua  for 
example.  Goodsir  says — "  In  no  instance  do  we  ever  see  a 
new  shaft  without  at  the  same  time  observing  portions  of 
the   old  shaft  ulcerated  to  n  greater  or   less   extent — the 
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with  the  view  mainly  of  trying  to  ascertain  whether  St 
Hilaire's  theory  of  "equivalence  of  organs"  affords  any 
satisfactory  explanation  of  these,  or  any  restful  point  from 
which  they  may  be  considered.  I  may,  perhaps,  return  to 
the  subject,  but  at  present  I  wish  only  to  show  to  the 
Society  two  instances — one  in  the  eggs  of  the  Class  birds 
where  abnormal  growth  generally  begins,  and  the  other  in 
the  case  of  a  kitten.  The  former  consists  of  two  imperfectly 
developed  eggs  of  the  bam  door  fowl,  in  which  the  shells  are 
organically  united,  a  comparatively   wide    communication 


admitting  of  the  contact  of  the  germinal  masses,  formative 
and  nutritive.  The  abnormality  of  the  latter  consists  in  the 
presence  of  eight  legs,  four  in  the  natural  position,  and  four 
on  the  back.  This  instance  certainly  lies  outside  of  the 
hypothesis  of  "  equivalence ! " 


XXIX.  Notes  on  the  Structure  of  a  New  Species  of  Earthworm 
belonging  to  the  Genus  Acanthodrilus  (K  P.).  By 
Frank  E.  Beddard,  Esq.,  M.A.,  F.Z.S. 

(Read  15th  April  1885.) 

About  a  year  since  I  received,  through  the  kindness  of  the 
Rev.  Q.  R.  Fisk,  C.M.Z.S.,  of  Cape  Town,  a  box  containing  a 
number  of  living  earthworms.  One  of  these  has  been  al- 
ready described  by  me  in  a  paper  read  before  the  Zoological 
Society  of  London,  which  has  not  yet  been  published.  In 
addition  to  this  specimen — a  large  worm  of  4  or  5  ft  in  length 
— there  were  a  number  of  other,  considerably  smaller,  earth- 
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worms,  which  proved  on  examinatioD  to  belong  to  two 
distinct  species.  One  was  a  LuTtihTicus,  presenting  no  marked 
differences  &om  our  British  Zumh'iau  lerrettrU;  and  the 
other  a  new  species  of  the  genus  AcajUhodrUiis. 

As  the  Cape  of  Good  Hope  is  a  new  locality  for  this  genua, 
I  have  thought  it  worth  while  to  oSer  to  the  Society  a  few 
notes  upon  the  structure  of  the  species  which  I  propose  to 
name  AcantJiodriliis  eape7m».  The  pressure  of  other  work  has 
prevented  me  from  treating  of  its  anatomy  in  a  detailed 
fashion,  but  the  following  notes  will,  I  hope,  be  not  without 
value  &om  a  zoological  point  of  view. 

The  anatomy  of  earthworms  has  at  present  been  but  little 
studied;  but  we  are  already  acquainted  with  the  fact  that 
these  animals  present  a  most  remarkable  diversity  of  internal 
structure,  coupled  with  a  very  general  uniformity  in  external 
characters;  and  it  is  sufficiently  evident  that  there  is  an 
absolute  necessity  for  dissecting  an  earthworm  in  order  to 
define  at  all  correctly  the  species  or  even  the  geuus  to  which 
it  belongs.  The  necessity  for  accompanying  purely  descrip- 
tive work  with  anatomical  details  is  perhaps  more  obvious  in 
this  group  of  the  animal  kingdom  than  in  any  other.  The 
published  records  of  new  species  and  genera  of  other  groups — 
for  example,  the  Crustacea — which  merely  relate  to  external 
form,  are  of  the  greatest  possible  use,  from  a  zoological  or 
faunistic  point  of  view.  Of  new  species  aud  genera  of  earth- 
worms,  such  records  are  aimpty  valuelesa.  and  any  one  who 
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system,  I  may  refer  to  tliia  very  genua  Acanlkodriliis.  In 
several  species  the  setce  are  in  four  aeries  of  pairs  equidistant 
from  each  other,  as  in  Lumbricua ;  in  others  tlio  setie  are 
arranged  throughout  the  body  in  eight  series;  while  m  A. 
capensis,  as  already  stated,  the  disposition  of  the  setse  is  inter- 
mediate in  character.  It  must  be  remembered, of  course,  that 
all  these  species  agree  with  each  other  in  their  internal  struc- 
ture ao  closely,  that  it  is  quite  impossible  to  regard  them  as 
belonging  to  different  genera;  and  if  the  distribution  of  the 
setEQ  were  to  be  regarded  as  an  indication  of  specific  di  fferencu 
and  resemblance,  certain  species  of  Acanthodrilus  would  have 
to  be  placed  within  the  same  genus  as  Lumbricus,  and  sepa- 
rated from  their  immediate  allies, 

I  liave  also  in  this  paper  recorded  for  the  first  time  the 
position  of  the  ovaries  and  their  ducts,  which  have  not  as 
yet  been  seen  in  any  AcanthodrUns. 

Another  fact  of  some  interest  from  the  point  of  view  of  the 
comparative  anatomy  of  earthworms,  is  the  structure  of  the 
body  wall.  The  remarkable  arrangement  of  the  longitudinal 
muscles  in  Liimhricua  was  first  thoroughly  made  known  by 
Clapariide's  elaborate  researches.  It  appears,  however,  that 
this  bipinnate  disposition  of  the  fibres  is  by  no  means  cliarac- 
teriatic  of  earthworms  as  a  group,  and  is  only  found  here  ami 
there;  indeed,  np  to  the  present  the  only  other  earthworm 
besides  Lumbrinia  where  it  has  been  recorded  is  in  a  species 
of  Perichtcla  {P.  iiasseltii ') ;  other  species  of  this  genus  in- 
vestigated by  Perrier,^  Horat,'  and  myself,  do  not  present 
this  bipinnate  disposition  of  the  longitudinal  muscular  coat 
Aca/nt/iodrUus  capensia  must  be  placed  in  the  same  category 
1  with  Lumbricua  and  Pcrichata  hasstltii.     The  disposition  of 

I  the  longitudinal  muscular  fibres  agree  precisely  with  those  of 

'  the  two  latter  species.      Two  other  species  of  the  genus 

Acanthodrilus  differ  from  A.  capensis,m  that  the  longituditial 
muscles  form  a  continuous  layer  round  the  whole  of  the 
body,  the  individual  fibrils  being  separated  into  groups  or 
I  singly  by  anastomosing  trabeculaB  of  connective  tissue,  which 

I  present  no   approximation    to    the    symmetrical   bipinnato 

h  '  Loe.  eU.  •  Nouv.  Arcb.  d.  MuxJum,  t.  vii. 

■  '  Notes  frain  Iho  Leydon  Miiapilni,  toI.  v..  p.  ISS. 
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muacles  of  LunUmcus.  It  seems  very  curious  that  speciea  of 
the  same  genua  should  differ  so  markedly  in  an  anatomical 
character,  which  would  aeeoi  &  priori  to  be  of  conaiderable 
importance ;  and  it  ia  still  more  curious  that  P.  haneUii  and 
A,  capemis  should  agree  with  each  other,  and  with  a  distinct 
genus  Zumbriau,  and  differ  from  the  other  members  of  their 
own  genns ;  such  facts  might  be  supposed  to  indicate  that 
the  bipinnate  arrangemeat  of  the  muscles  repreeeated  a 
primitive  condition  which  has  been  retained  here  and  there 
but  lost  in  the  majority  of  earthworms.  Perrier,  however, 
states  that  such  ia  iiot  the  case,  and  that  the  young  of 
Lumbrieaa  present  no  traces  of  the  bipinnate  arrangement  of 
the  muscles  of  the  adult.' 

While  writing  this  an  interesting  paper  by  Dr  K  Rohde  * 
upon  the  muscles  of  Annelids  has  come  into  my  hands.  This 
anatomist  has  studied  the  structure  of  the  body  widl  in  a 
great  number  of  different  worms  belonging  both  to  the 
Oligochaeta  and  the  Polychseta.  It  appears  from  his  observa- 
tions that  the  genus  Lambricvs,  like  Perichceta  and  Aeantho- 
drUus,  does  not  present  au  absolute  nnifonnity  in  t^e 
structure  of  the  longitudinal  muscular  coat  Certain  species 
agree  with  Lumhricut  terratris  in  the  regular  arrangement  of 
the  fibres,  while  L.  olidus  differa  entirely,  and  shows  no 
traces  of  the  bipinnate  disposition  of  the  fibres,  except  close 
to  the  line  of  junction  with  the  circular  muscular  coat 

Acanthodrilus  was  instituted  as  a  genus  of  earthworms  by 
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latus — are  natives  of  New  Caledoaia;  while  the  third — A. 
vcrticUlatus — was  obtniued  Trom  the  island  of  Madagascai'. 

During  the  Transit  of  Venu3  Expedition,  the  Kev,  A.  E. 
Katon  collected  two  small  earthworms  in  Kep^uelen,  which 
were  afterward  determined  by  I'rol'esaor  Laiikester '  to  belong 
to  the  same  genua,  and  named  A.  kergudenttisis.  lu  this  species 
the  setffi  of  the  body  liave  a  different  arrangement  from  that 
found  in  the  pi^eviously  described  species.  Instead  of  being 
disposed  in  fonr  series  of  pairs,  the  setse  of  A.  kergudmtnsis 
are  "in  eight  series,  each  seta  standing  alone  and  widely 
separated  from  its  fibres  of  ne^hbouring  series."  Associated 
with  this  peculiarity  is  an  additional  one,  viz.,  the  presence 
of  segmental  organs  (ty.  loc.  ctl..  Fig.  4). 

More  recently,*  Ur  Horst  has  contribiited  an  account  of 
two  other  species  collected  in  Liberia,  Both  of  tlieae  have 
the  normal  arrangement  of  the  setje  (four  series  of  pairs), 
and  segmental  organs  are  only  present  in  a  very  few  seg- 
ments, and  then  considerably  modified.  To  these  six  species 
I  am  able  to  add  a  seventh,  which  may  be  called  Acantko- 
itrUiis  cajKiisis. 

Acanthodrilus  cajtensis,  u.  sp. 
Exln-nal  characters,  etc. — As  already  said,  Acantkotlrilwt 
captnsis  has  verj'  much  the  same  general  appearance  as 
Ltimbriciia  (errestris,  the  colour  being,  as  in  that  species,  a 
reddish  violet  Upon  the  dorsal  surface,  passing  into  a  yellow 
grey  upon  the  ventral  surface,  A  very  noticeable  character- 
istic of  the  species  is  its  extremely  active  movements  when 
handled  or  touched  with  the  forceps.  When  interfered  with 
in  this  way,  the  worms  twist  themselves  violently  from  side 
to  side,  and  will  sometimes  spring  up  into  the  air  a  short 
distance  above  the  table.  It  is  worth  noting  that  this  vei-y 
same  behaviour  has  been  observed  in  many  species  of 
I'eridutla,  several  of  which  have  been  found  living  in  Eng- 
land and  France,  though  there  can  be  little  doubt  that  they 
were  originally  introduced  along  with  plants  from  foreign 
countries,  or  in  some   similar  fashion.     In  the  Jardin  dea 

■  rhil.  Tnna.,  extra  vol.,  1S79,  p.  SS4. 

•  SulM  rrow  LeydBii  Muwuui,  vol.  vi.  (1831),  No.  2,  |i.  103. 
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Flantes  examples  of  PtrickaUa  are  at  least  as  numerous  aa 
of  Lumbricas,  and  the  gardeners  have  noticed  them  on 
acconnt  of  their  much  more  active  movements.' 

The  setffi  are  arranged  in  a  rather  peculiar  fashion,  inter- 
mediate between  the  arrangement  described  by  Lankester  in 
A,  kerguelenetms  and  that  which  obtains  in  the  other  species 
of  the  genus.  In  the  anterior  r^ion  of  the  body,  to  as  far 
bock  as  about  the  20th  s^ment,  the  setse  are  disposed  in 
the  following  fashion.  On  either  side  of  the  ventral  median 
line  is  a  single  pair  of  closely  approximated  setee,  and 
more  laterally  another  pair  ou  either  Bid&  Of  this  pair, 
however,  the  two  setae  are  much  more  widely  sepamted 
from  each  other.  In  the  binder  portion  of  the  body,  com- 
mencing after  the  male  generative  orifices,  the  setse  of  the 
ventral  pair  get  farther  apart  from  each  other,  bnt  are 
never  bo  widely  separated  as  those  of  the  more  dorsal 
pair. 

Close  to  the  anterior  margin  of  s^menta  8  and  9  ore  the 
apertures  of  the  four  spermathecse.  Their  position  corre- 
sponds to  that  of  the  segmental  organs,  being  in  front  of  the 
ventral  (innermost)  pair  of  eette. 

On  the  17th  and  19th  segments  respectively  are  a  pair  of 
apertures,  situated  each  upon  a  circular  flattened  area,  differ- 
ing somewhat  by  its  greater  opacity  and  whitish  colour  from 
the  surrounding  integument.  These  are  the  openings  of  the 
vam  deferentia,  and  like  the  copulatory  pouches  they  corre- 
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port  of  the  body,  aa  in  so  many  otlier  earthworms.  The 
mesenteries  forming  the  posterior  boundary  of  segments, 
6-12  inclusive — more  especially  the  four  anterior  ones — are 
stout  and  thick,  and  connected  with  each  otlier  and  with  the 
body  wall  by  tendinous  threads.  In  front  of  the  6th  segment 
the  mesenteries  cease  to  be  distintjuishabie  as  such,  and  their 
place  is  occupied  by  a  mass  of  fibres  of  varying  thickness 
and  extent,  which  bind  the  alitnentary  canal  to  the  parietes. 
A  dense  moss  of  these  is  attached  to  the  posterior  half  of  the 
pharynx,  and  serve,  perhaps,  as  a  retractor. 

Well  developed  segmental  organs  are  found  in  all  the 
segments  of  the  body,  with  the  exception  of  the  first  one  or 
two.  They  exist  in  the  segments  which  contain  the  sper- 
mathecas  and  the  prostates.  As  already  mentioned,  A. 
keri/uclenensia  appears  to  be  the  only  other  species  of  the 
genus  which  has  segmental  organs  of  the  ordinary  type. 

Circulatory  Si/stem. — In  segments  8-12  inclusive  are  a  pair 
of  lateml  hearts,  wliich  connect  the  ventral  (supra  nervian) 
vascular  trunk  with  a  small  and  inconspicuous  vessel  which 
runs  along  the  upper  surface  of  the  alimentary  canal  beneath 
the  dorsal  vessel.  The  last  three  pairs  are  the  largest.  It  is 
possible  that,  as  in  Pontodriliis,  a  communication  also  between 
the  lateral  hearts  and  the  dorsal  vessel  exists,  but  I  could 
not  satisfy  myself  thoroughly  as  to  its  presence  or  absence, 
but  I  am  inclined  to  believe  that  it  is  absent.  In  each  of 
tliese  segments  there  is  also  a  largish  blood  vessel,  which 
arises  beliind  the  "  heart,"  and  apparently,  together  with  it, 
from  the  supra-intestinal  trunk ;  it  supplies  the  mesentery 
and  ventral  wall  of  the  body.  In  the  posterior  region  of  the 
body  the  dorsal  vessel  gives  off  three  branches  in  each 
segment,  two  of  which  are  distributed  to  the  walls  of  the 
intestine,  while  the  third  supplies  the  mesentery.  Anteriorly 
the  dorsal  vesstd  ramifies  upon  the  surface  of  the  gizzard. 

Oenital  Sysicm. — The  testes  consist  apparently  of  three 
pairs  of  racemose  glands  in  segments  11,  12,  and  13.  This 
description,  however,  applies  only  to  one  specimen ;  in  all 
the  others  that  were  dissected  there  was  but  a  single  pair  of 
testes  fully  developed,  the  rest  being  minute  and  rudimentary  ; 
the  developed  testes  were  those  of  the  anterior  i)air.     In  the 
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segment  in  front  of  that  which  contains  the  testes  are  a  pair 
of  rosette-like  stmcture;  these  are  the  fimbriated  orifices  of 
the  vasa  de/erentia.  They  are  placed  below,  and  a  little  to 
one  side  of  the  alimentary  canal,  od  the  posterior  wall  of  the 
segment,  and  closely  approximated  to  each  other,  being  in 
actual  contact  for  a  short  space.  I  failed  to  find  the  post«rior 
pair  of  msa  d^ermtia  funnels. 

The  vasa  defererUia  pass  aa  two  extremely  minute  slender 
tnbea  to  their  openings  on  the  17th  segment,  in  common  with 
the  prostate  gland  and  the  sac  containing  the  two  penial  setae. 

The  prostate  glands,  as  in  other  Acanthodrilus,  have  the 
form  of  a  simple  coiled  glandular  tube  opening  by  a  narrow 
muscular  duct.  There  are  four  of  these  two  in  the  17th. 
and  two  in  the  Idth  segment 

The  penial  setse  are  developed  in  a  sac-like  diverticulum, 
which  opens  in  common  with  the  prostate  of  its  own  aide 
and  segment.  The  structure  of  the  penial  sette,  of  which 
there  are  a  single  pair  to  each  of  the  four  generative  aper- 
tures, is  characteristic  of  the  species.  The  seta  is  covered 
upon  its  lowermost  one-third  with  numerous  short  pointed 
processes,  the  points  of  which  are  directed  towards  the 
extremity  of  the  seta. 

There  are  two  pairs  of  spermathecie  in  segments  8  and  9 ; 
each  consists  of  a  piriform  sac,  opening  by  a  narrow  passage 
on  to  the  exterior.  A  small  supplementary  sac  of  the  same 
form  as  the  principal  sac,  but  narrower  and  bent  downwards. 
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chiefly,  no  doubt,  owing  to  the  fact  that  only  badly -preserved 
spirit  specimens  have  been  examined.  In  Acantkodrilus 
capensis  the  ovaries  are  in  the  12th  segment  attached  to  its 
front  wait;  tliey  are  conspicuous  in  fully-mature  animala 
from  the  contained  ova,  which  are  comparatively  lai^e  and 
very  opaque.  Examiued  under  the  microscope  the  ovary 
presents  the  appearance  of  a  compound  tubular  gland,  certain 
of  the  cells  becoming  enlarged  and  forming  the  ova.  Tho 
oviducts  open  into  the  12th  segment  by  a  broad  ciliated 
funnel,  which  has  exactly  the  appearance  of  that  of  Ponto- 
drilua,  figured  by  Perrier.  The  duct  perforates  the  mesen- 
tery, and  opens  on  to  the  exterior  of  the  body  in  the  13lh 
segment  just  in  front  of  the  innermost  seta. 

Alimtntary  Canal. — The  pharynx  occupies  about  the  four 
anterior  segments  of  the  body ;  it  is  somewhat  pear-shaped, 
and  terminates  in  an  abruptly  truncated  posterior  margin. 
A  short  (esophagus  leads  from  tliis  to  the  gizzard,  and  a  tube 
of  the  same  calibre  as  the  cesophagus  extends  back  to  about 
the  16tb  or  17th  segment,  where  it  abruptly  widens  into  the 
"  intestine."  The  latter  is  unprovided  with  ca'ca  or  glands 
of  any  description,  but  is  clothed  with  a  dense  covering  of 
cells,  which  gives  it  an  opaque  yellow  colour. 


XXX.  Notes  on  the  Anatomy  of  the  Myriapoda.     By  T.  D. 
Gibson-Carmichael,  Esq. 

[Read  aoih  December  1883.) 
I  propose  to  submit  to  you  a  series  of  papers,  of  which 
this  ia  tlie  first,  dealing  with  the  anatomy  of  the  Myriapoda. 
I  intend  beginning  with  the  digestive  system,  and  this  paper 
is  confined  to  that  of  a  few  of  the  Chilopoda.  The  excellent 
paper  of  Mr  F,  Plateau,  "  sur  les  phcnomenes  de  la  digestion 
chez  les  Myriapodes,"  in  the  forty-second  volume  of  the 
Memoirs  of  the  Royal  Aemlemy  of  Belgium,  furnished  us  with 
such  a  clear  account  of  both  the  anatomy  and  physiology  of 
these  organs,  that  it  may  seem  unnecessary  for  me  to  write 
more  on  the  subject.     But  as  I  wished  to  verify  all  that 
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riateau  bad  stated,  I  have  diaaected  numerous  Chilopods, 
and  as  in  some  ways  my  results  are  difTerent  from  his,  I 
have  thought  I  may  as  well  record  them. 

Litkobiua. — Of  this  genus  I  have  dissected  three  species, 
L.  gromptt,  L.  varicgaiua,  and  L.  forficaiut.  Of  the  first  two 
I  have  only  dissected  a  few  examples,  but  of  L.  forfitsatuB  I 
have  examined  over  a  hundred  specimens,  and  as  1  find  that 
there  ia  little  difference  in  the  digestive  organs  of  the  three 
Rpeciea,  I  shall  describe  them  as  I  find  them  in  L,  forfi- 
catus. 

LUhdbiut  appears  to  feed  principally  on  dtptera,  at  least  in 
captivity.  Plateau  found  this  to  be  the  case,  and  in  the 
numerous  experiments  which  I  have  made  I  have  quite 
failed  to  get  captive  LU,h6bii  to  take  any  other  food  than 
flies,  gnats,  and  some  small  neuroptera  (Sialis,  etc.)  and 
trichoptera.  It  has  been  stated,  however,  that  they  devonr 
worms,  and  that  in  the  case  of  a  comparatively  large  worm 
two  LUhobii  will  attack  it  at  once. 

The  alimentary  canal  is  easily  seen  to  fall  into  three 
divisions,  a  short  oesophagus,  a  large  stomacli  occupying 
tlie  greater  part  of  the  interior  of  the  body,  uud  a  short 
intestine.  Besides  these  three  parts  wo  may  consider 
also  the  two  large  glands  situated  in  the  fore  part  of  the 
body,  and  the  two  malpighian  tubes  wliich  open  into  the 
alimentary  canal  at  the  juncture  of  the  stomach  and 
intestine. 
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pointed  towards  the  second  division  of  the  aUmentary 
caiiaL  In  L.  ffrossipes  these  spines  seem  to  be  much 
more  numerous,  and  to  extend  over  the  anterior  as  well 
aa  posterior  portion  of  the  lining.  Tlie  passage  of  the  food 
through  this  portion  of  the  alimentary  canal  is  very  rapid, 
none  being  left  in  it  in  specimens  killed  williin  a  few 
minutes  after  a  meal. 

The  second  part  of  the  alimentary  canal,  the  stomach,  ia 
that  in  which  the  whole  process  of  digestion  goes  on.  It 
has  a  thick  muscular  coat,  and  an  epithelium  composed  of 
a  layer  of  large  brownish  cells,  whose  nucleus,  easily 
shown  by  the  agency  of  acetic  acid,  is  large,  and  of  a  some- 
what conical  shape.  Throughout  this  epithelium  there 
appear  to  be  a  number  of  small  glands,  whose  structure 
1  have  not  yet  been  able  to  determine,  which  secrete  a 
brownish  Jiuid,  by  means  of  which  the  food  is  digested. 
This  stomach  is  plentifully  supplied  with  blood-vessels. 
The  food  seems  to  remain  in  it  for  a  considerable  time. 
A  peculiar  feature  of  it  is,  that  towards  its  posterior  end 
the  remains  of  the  completely  digested  food  form  a 
solid  column  which  becomes  entirely  surrounded  with  a 
structureless  membrane,  from  which  portions  break  off,  to 
pass  out  of  the  stomach  from  time  to  time  as  fieces. 
This  membrane,  which  invests  the  fjeces,  was  first  pointed 
out  by  Plateau.  It  yet  remains  to  be  discovered  whence  it 
originates. 

The  intestine  in  Lithohius  is  short,  and  much  narrower  in 
diameter  than  the  stomach.  No  process  of  digestion  goes  on 
in  it,  the  fujces  merely  passing  quickly  through  it.  It  is 
quite  straight  in  LithoMiis,  though  in  other  chilopods  it  is 
always  bent  more  or  less.  Dufour  describes  a  small  ciecum 
close  to  the  anus ;  but  neither  myself  nor  I'lateau  have 
found  any  truces  of  this.  It  has  a  covering  of  strong 
muscular  bands,  and  the  cells  of  its  epiitheliuni,  which  are 
much  smaller  than  in  that  of  the  rest  of  the  alimentary  canal, 
have  large  nuclei  clearly  visible  without  the  aid  of  reagents. 
They  seem  to  secrete  a  colourless  tluiJ,  which  probably  aids 
in  assisting  the  passage  of  the  fieces. 

The  anterior  glands  are  two  large  violet-colouied  race- 
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mose  glands,  answering  morphologically  to  the  salivaiy 
glands  of  insects,  though  Plateau's  researches  show  that 
physiologically  this  is  not  the  case,  for  their  secretion 
bas  none  of  the  eOects  of  saliva.  Platean  was  unable  to 
discover  the  effect  which  it  had,  and  as  yet  I  have  had 
no  better  success.  The  liquid  secreted  is  certainly  never 
acid.  These  glands  consist  of  a  number  of  nucleated  cells, 
some  colourless,  others  violet,  in  L.  forficatua  and  variegatas ; 
in  L.  groaaipea  the  violet  colouring  is  absent.  They  are  well 
snpplied  with  air,  a  trachea  running  alongside  of  each  of  their 
ducts,  and  ramifying  throughout  them.  The  ducts  open,  not 
into  the  cesophagus,  but  into  the  cavity  of  the  mouth. 

The  two  malpighian  tubes  are  very  fine  and  long,  and 
originate  in  the  anterior  part  of  the  body.  Before  opening 
into  the  alimentary  canal  they  widen  into  a  aac-like  reser- 
voir. Their  secretoiy  cells  are  small,  but  well  supplied 
with  colourless  granules.  They  secrete  pure  uric  acid,  bat 
in  very  minute  quantities.  In  individuals  which  have  been 
starved  there  is  always  a  greater  quantity  of  uric  acid 
present  in  these  tubes  than  there  is  in  those  which  have 
lately  had  a  meal. 

The  geophilides,  from  their  small  diameter,  are  difficult  to 
dissect  I  have  succeeded,  however,  fairly  well  in  Oeophiiua 
longicomia  and  in  HimarUarium  Gabrielis  in  making  out  the 
nature  of  the  alimentary  canal.  The  three  portions  of  the 
canal  are  very  differently  proportioned  in  these  from  what 
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diameter  in  the  posterior,  their  secreting  portion,  and  are 
twisted  back  upon  themselves. 

The  malpighians  in  0,  longicamis  much  resemble  those  of 
LUhobitcs,  In  HimarUarium  Gdbrielis  there  is  no  increase  in 
their  diameter  near  the  opening. 

• 

I  hope  at  an  early  date  to  communicate  a  description  of 
the  morphology  of  the  digestive  system  in  other  chilopods 
and  in  the  ChiiogncUha^ 


XXXI.    On  the  Aeration  of  Marine  Aquaria,     By  Georgb 
Brook,  Esq.,  F.L.S.,  etc.     [Plates  XVIIL,  XIX.] 

(Read  18th  February  1885.) 

In  carrying  on  any  investigations  into  the  life  history  and 
habits  of  marine  animals,  success  is  greatly  dependent  on  a 
close  imitation  of  the  natural  conditions  of  existence.  In 
some  respects  this  is  not  difficult,  and,  besides,  marine  as  well 
as  other  animals  possess  in  a  variable  degree  an  adaptive 
faculty  which  enables  them  to  accommodate  themselves  to 
new  surroundings.  We  should  always  bear  in  mind,  how- 
ever, that  these  new  surroundings  are  not  the  natural  ones, 
and  that  our  results  obtained  in  a  laboratory  may  often  be 
influenced  by  conditions  not  to  be  found  in  a  state  of  nature. 
Perhaps  the  most  difficult  natural  condition  to  imitate,  and 
one  which  affects  all  marine  animals  alike,  is  a  proper  aeration 
of  the  water.  Within  the  limits  of  a  laboratory  tank  it  is  not 
practicable  to  aerate  the  water  in  a  natural  way.  The 
oxygenating  influence  of  winds,  waves,  and  tides  can  take 
only  a  very  limited  share  in  this  work,  and  we  have  no  scope 
for  the  distributing  influence  of  currents.  Naturalists  have 
therefore  had  to  take  advantage  of  other  methods  of  keeping 
the  water  pure  and  charged  with  oxygen.  Two  distinct 
methods  have  been  tried  on  a  large  scale  with  varying 
degrees  of  success.*      On  the  first  plan  the  oxygen  was 

^  I  do  not  propose  to  deal  here  with  those  small  still-water  aqnaria,  in 
which  advantage  is  taken  of  the  mutual  dependence  of  animal  and  vegetable 
life  for  a  proper  aeration  of  the  water. 
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renewed  by  forcing  air  into  the  water,  and  by  the  second  a 
continuous  stream  of  water  was  kept  flowing  through  the 
tanks.  The  first  method,  although  quite  satiafBctory  on  a 
small  scale,  decreases  in  its  applicability  juat  as  the  size  of 
the  tank  increases.  The  second,  although  perhaps  more 
natural  than  any  other  method,  is  very  expensive,  and  not 
applicable  for  an  inland  station.  It  is  necessary  to  pump 
the  water  direct  from  the  sea,  and  to  return  it  again  after 
having  circnlated  through  the  tanks.  This  method  also  has 
another  disadvant^e.  It  is  found  by  experience  that  water 
kept  properly  aerated  improves  instead  of  deteriorating  with 
keeping.  Forms  which  will  not  live  in  water  newly  intro- 
duced into  a  tank  may  often  be  kept  there  with  ease  six 
months  afterwards.  Again,  that  crystal  appearance  so 
characteristic  of  pure  sea  water  is  never  to  be  obtained  from 
water  freshly  pumped  from  the  shore.  Practically  a  com- 
binatiou  of  the  two  methods  is  most  commonly  in  use.  A 
small  jet  of  water  is  forced  into  the  tank  with  such  a 
pressure  as  to  carry  air  along  with  it. 

I  propose,  then,  to  give  an  account  of  the  methods  and 
apparatus  by  which  experience  has  shown  that  this  can  best 
be  affected  with  due  consideration  of  expense.  When  some 
four  or  five  years  ago  I  had  my  aquarium  fitted  up  in 
Huddersfield,  I  was  supplied  with  vulcanite  pump,  pipes, 
aud  jets,  by  Messrs  Leete,  Edwards,  &  Norman,  similar  to 
those  supplied  to  the  large  public  aquaria.     I  took  the  pre- 
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Pumping  Arrasoembnts  and  Motive  Power. 

After  careful  consideration  I  was  led  to  adopt  water  from 
the  town  mains  as  a  motive  power.  It  seemed  advisable  to 
make  use  of  some  power  which  could  be  cut  off  or  started  at 
will  by  some  automatic  arrangement,  and  water  on  this 
account  seemed  the  most  applicable.  I  decided  from  the 
outset  not  to  supply  the  salt  water  direct  from  the  pump  to 
the  jets,  as  is  done  in  so  many  large  aquarin,  but  to  pump  it 
into  a  store  tank  at  a  considerable  elevation  above  the  floor 
of  the  building,  and  use  the  fall  thus  obtained  to  force  the 
water  into  the  tanks.  Further  experience  baa  shown  that 
this  is  in  the  long  run  the  more  economical  plan,  and  without 
this  elevated  tank  I  could  not  obtain  the  satisfactory  results 
already  arrived  at.  I  began,  then,  with  one  of  Kamsbottoin's 
Water  Motors,  and  a  rotary  vulcanite  pump,  supplied  by  n 
1-inch  pipe  from  the  reservoir.  It  then  became  necessary  to 
devise  some  automatic  atop  motion  for  the  water  motor,  so 
that  the  whole  arrangement  could  he  stopped  when  the  fall- 
tank  was  full,  and  staited  again  when  the  water  had  run 
down  to  a  certain  level.  A  continuous  circulation  conhl 
then  be  kept  up  day  and  night  without  any  waste,  and  with 
Jittis  or  no  attention. 

Several  modificationa  of  the  principle  of  the  ball  tap  were 
tried  with  varying  degrees  of  success,  until  at  last  one  was 
arranged  which  acts  perfectly,  and  is  shown  in  Fig.  1.  A  is 
a  wood  float  connected  by  an  adjustable  arm  H  with  the 
lever  C,  which  is  supported  on  the  edge  of  the  tank  by  the 
pillar  D.  In  use  it  was  found  that  the  float  A,  on  being 
forced  up  by  the  water,  was  liable  to  leave  the  side  of  the 
tank,  so  that  a  double-jointed  arm  I,  I',  bad  to  be  fixed  on 
the  opposite  side  to  keep  it  in  its  place.  E  representa  the 
arm  which  goes  down  to  the  tap,  and  F  is  a  weight  corre- 
sponding to  that  of  the  long  rod  E,  so  as  to  balance  the 
arrangement.  As  the  float  A  is  forced  up,  of  course  E  is 
lowered  to  a  corresponding  degree,  and  would  be  gradually 
shutting  off  the  tap  of  the  motor,  unless  steps  were  taken  to 
prevent  this  being  done  until  the  fall-tank  was  full.  It  will 
be  observed,  however,  that  the  arm  B  is  slotted  at  its  upper 
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end,  BO  that  the  float  doeB  not  begin  to  press  on  the  lever 
uDtil  it  has  risen  through  a  distance  correBponding  to  the 
length  of  the  slot  A  similar  slot  is  made  where  the  lod  E 
is  connected  with  the  lever  of  the  tap,  and  both  these  slots 
are  adjustable,  so  that  at  the  time  the  arrangement  over- 
balances the  tank  is  full,  and  the  time  has  arrived  for  the 
motor  to  be  stopped.  This  was  done  gradually  at  firsts  bat 
it  was  found  that  with  a  rotary  pump  a  time  arrived  when 
the  motor  was  working  bo  sluwly,  that  the  pump  had  not 
power  enough  to  Uft  the  water  the  required  height,  and  thus 
went  on  wasting  power  uutil  the  level  of  water  in  the  fall- 
tank  had  been  sufficiently  lowered  to  start  the  pump  more 
vigorously.  To  avoid  this  the  present  system  was  devised, 
where.  Instead  of  having  an  arm  with  a  weight  like  F  directly 
over  the  fulcrum  of  the  lever  C,  a  flat  bar  of  iron,  Q,  about 
2  in.  wide,  is  supported  over  C  by  two  pillars.  This  bar  is 
turned  up  at  botli  ends  so  as  to  prevent  the  rolling  weight  H 
from  falling  oiT.  The  weight  is  made  from  a  solid  piece  of  iron, 
and  turned  out  in  the  middle  so  as  to  leave  a  flange  hanging 
over  G  on  each  side.  For  further  safety  a  light  rod,  K,  con- 
necta  the  two  ends  of  G,  so  as  just  to  allow  the  weight  to 
pass  under  it,  but  sufficiently  low  not  to  allow  it  to  leave  its 
place  on  the  bar.  It  will  be  seen  that  as  soon  as  ever  the 
lever  G  is  in  the  slightest  degree  over  the  equilibrium,  the 
weight  H  runs  along  the  bar  G,  with  an  increasing  momentum, 
and  shuts  or  opens  the  tap  instantly.     This  arrangement  has 
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pump  would  uot  do  its  work  properly,  Anotlier  item  which 
caused  me  no  aliglit  alarm  was  the  great  price  which  the 
pump  cost  to  work. 

In  order  to  pmnp  850  gallons  of  sea  water,  it  was  necessary 
to  use  1250  gallons  of  fresh  water  as  the  motive  power,  so 
that  under  the  most  favourable  conditions  33^  of  power  was 
lost,  aud  in  fact  at  many  times  a  great  deal  more.  Altogether 
1  hecame  dissatisfied  with  the  arrangement,  and  appealed  to 
my  friend  Mr  J,  T.  Nelson  of  Leeds  to  make  me  a  plan  of  a 
pump  that  would  prove  more  efBcient.  The  result  was,  that 
I  bad  made  a  double-action  lift  aud  drive  pmnp,  placed 
liorizontally  so  as  not  to  lose  its  prime.  The  general  con- 
struction of  this  pump  will  easily  be  understood  on  reference 
to  Fig.  2.  A  is  an  accurately  bored  glass  cylinder  12  in. 
long  and  4  in.  in  diameter,  obtained  from  Messrs  Chedgey. 
The  piston  rod  is  of  steel,  coated  with  ebonite,  aud  afterwards 
turned  and  polished  ao  as  to  work  smoothly.  The  piston 
itself  is  made  of  lujnuvi  vitce,  and  has  a  round  indiarubber 
ring  in  its  centre  so  as  to  form  perfect  contact.  The  ends  B 
and  C  are  also  made  of  lignwm  vitas,  and  the  valves  in  them 
are  round  indiarubber  balls  weighted  inside  witii  lead.  The 
dotted  line  above  the  valve  box  at  B  aud  C  indicates  a  groove 
cut  out  in  the  middle,  so  that,  in  case  the  valve  should  stick, 
the  water  can  still  pass  through,  The  pipes  E  aud  E'  are  in 
this  case  cast-iron  lined  with  glass,  and  have  an  internal 
diameter  of  2  in.  The  whole  is  bolted  to  a  stout  plank,  D, 
and  connected  with  the  shaft  of  the  water  motor  in  the 
oi-dinary  manner.  It  will  be  easily  seen  from  the  figure  that 
a  stroke  of  the  piston  in  either  direction  both  fills  the 
cylinder  from  below,  and  drives  the  water  already  in  the 
cylinder  into  the  fall-tank.  This  pump  has  now  been  in 
work  over  twelve  months,  and  has  given  every  satisfaction.  It 
requires  very  little  attention,  and  is  not  liable  to  get  out  of 
order.  With  a  rotary  pump  a  certain  force  has  to  be  main- 
tained iu  order  to  lift  the  water  the  required  height.  Thus, 
if  the  motor  should  be  working  below  its  normal  speed,  no 
water  b  raised  by  the  pump,  and  the  power  is  wasted.  The 
case  b  quite  different  with  the  pump  here  described ;  all  the 
motions  being  positive,  a  minimum  of  power  is  lost,  aud 
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whether  the  motor  be  going  fast  or  slow,  the  pump  does  its 
work  in  proportion. 

Perhaps  a  comparison  of  the  cost  of  working  both  pumps 
would  prove  interesting.  I  find,  on  reference  to  my  diary, 
that  from  let  September  1883  to  1st  February  1884,  while 
the  old  pump  was  working,  132,540  gallons  of  fresh  water 
were  used  by  the  motor,  or  an  average  of  26,508  gallons  per 
month,  which,  at  6d.  per  1000  gallons,  gives  an  average 
monthly  cost  of  13a  3d.  for  water.  This,  indeed,  is  below 
the  average  cost  previously,  for  I  see  from  a  note  in  the 
diary  that  the  water  meter  was  disconnected  for  repairs  for 
several  days  in  January,  so  that  during  that  time  the  water 
used  would  not  be  registered.  From  September  to  December 
1883  the  monthly  average  was  28,000  gallons,  which  would 
bring  up  the  monthly  cost  to  14a.  From  1st  March  1884  to 
1st  January  1885,  when  the  new  pump  only  was  nsed, 
145,630  gallons  of  water  were  registered  by  the  meter,  giving 
a  monthly  average  of  14,500  gallons,  and  representing  a 
monthly  cost  of  78.  3d.  Thus,  to  begin  with,  the  new  pump 
costs  roughly  only  half  as  much  as  the  old  one  to  work. 
This  cost  has  been  very  much  further  reduced  by  means  of 
in) proved  jets. 

Impbovements  in  the  Construction  of  Jets, 
It  appeared  to  me  at  a  very  early  stage  in  my  inquiry, 


that  the  vulcanite  jets,  as  arranged  in  public  aquaria,  do  their 
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be  carried  into  the  tank  along  with  the  stream.  On  the 
other  hand,  the  larger  the  stream  the  larger  the  air  buhhlcs 
carried  along  with  it,  and  as  these  rise  to  the  surface  very 
qnickly,  they  do  not  give  time  for  the  water  to  absorb  its 
required  oxygen.  Thus  it  appeared  that  a  very  fine  jet  enter- 
ing the  wat€r  close  to  its  surface  would  give  a  more  beneficial 
result.  In  order  to  try  this  I  screwed  off  the  vulcanite 
noEzles  and  fitted  an  indiarubber  stopper  to  the  open  end  of 
the  jet,  Tbrongh  this  a  glass  tube  was  introduced,  sufficiently 
long  to  reach  the  surface  of  the  water.  The  end  to  form  the 
jet  was  then  drawn  out  to  a  fine  point,  and  arranged  about 
one-eighth  of  an  inch  above  the  surface  of  the  water.  By  this 
means  a  very  fine  stream  always  entered  the  tank,  and  along 
with  it  an  immense  number  of  small  air  bubbles  penetrated 
quite  to  the  bottom.  Many  of  course  roao  to  the  surface 
quickly,  but  the  smaller  ones  remained  so  long  in  the  water 
aa  to  be  easily  traced  5  or  G  feet  from  the  jet.  lu  this 
manner  less  water  was  used  in  the  daily  circulation,  and  a 
better  reanlt  obtained.  In  less  than  a  week's  time  it  was 
easily  seen  that  the  water  presented  a  crystal  appearance  it 
had  never  shown  before.  The  small  bubbles  remained  so 
long  in  the  water  that  time  was  given  for  all  the  oxygen  to 
Ihj  withdrawn  that  could  be  retained.  Besides  there  was  no 
stirring  up  of  the  bottom,  nor  any  signs  of  that  turbulence 
which  is  the  necessary  accompaniment  of  a  comparatively 
large  jet  Later  I  adopted  a  form  of  filter  and  jet  combined 
(Fig.  Z),  which  has  been  retained  up  to  quite  recently.  This 
is  a  simple  arrangement,  which  proves  very  useful  in  case  the 
water  has  to  be  pumped  direct  from  the  sea,  or  if  the  water 
should  have  become  a  little  muddy  from  any  cause.  The 
drawing  will  sufliciently  explain  itself.  A  is  a  cork  cut  in 
grooves  so  as  to  allow  the  water  to  pass,  and  B  represents 
the  carded  cotton,  which  must  be  removed  when  dirty.  I 
have  used  various  modifications  of  this  arrangement,  and 
tried  various  substances  through  which  to  filter  the  water. 
I  find  that  carded  cotton,  washed  before  it  is  ased  in 
fresh  water,  serves  every  purpose  Some  months  ago,  how- 
ever, it  struck  me  that  a  modification  of  the  form  of 
aspirator  used  in  chemical  laboratories  shoidil  do  even 
VOL.  Vlll.  2  D 
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better  than  anything  previously  tried.  Besides  introduc- 
ing air  into  the  tanks,  this  arrangement  ensures  that  the 
water  also  is  thoroughly  aerated  as  it  enters.  Figs.  4  and 
o  show  two  orraDgements  which  have  been  tried.  These 
two  ore  most  applicable  for  comparatively  shallow  tanks, 
while  the  one  shown  in  Fig.  6  may  be  used  in  tanks  of 
any  depth.  The  water,  in  issuing  from  the  fine  pointed 
tube,  draws  in  with  it  a  current  of  air  through  the  open  tube, 
and  the  two  form  a  mass  of  froth  in  the  lower  one.  The  out- 
let is  contracted  a  little  so  as  to  confine  this  froth  and  make 
it  enter  the  tank  in  the  form  of  a  stream.  This  arrangement 
gives  even  smaller  bubbles  than  before.  By  the  arrangement 
shown  in  Fig.  6  the  mixed  air  and  water  are  made  to  enter 
the  tank  at  the  bottom,  bo  that  the  bubbles  of  aic  have  to 
pass  through  the  whole  of  the  water  before  they  can  make 
their  escape.  This  ensures  perfect  aeration,  and  some  of  the 
bubbles  are  so  small  as  to  require  a  lens  to  see  them.  By 
these  improved  methods  the  daily  circulation  has  been  re- 
duced to  620  to  630  gallons,  and  the  motor  only  uses  340 
gallons  to  pump  this  quantity.  Thus  the  cost  of  circulation 
has  been  reduced  from  14b.  a  month  to  5s.  I  should  mention 
that  the  14s.  a  month  does  not  represent  the  cost  when  the 
vulcanite  jeta  were  in  use ;  these  were  soon  found  to  be  so 
expensive,  that  they  quickly  gave  way  to  the  plain  glass 
tube  arrangement,  and  I  kept  no  account  of  the  daily  circula- 
tion at  that  time. 
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the  English  channel,  ia  found  to  iloiiriah  beat  between  high 
aud  low  water  marks.  It  fixes  itself  to  ledges  of  rock,  or  in 
shallow  rock  pools,  is  such  a  maiiDer,  that  as  the  tide  ebbs 
tlie  anemone  is  barely  covered  with  water.  In  places  where 
any  depth  of  water  ia  left  over  this  species  at  ebb  tide,  it 
will  always  be  noticed  that  a  strong  current  exists,  as  for 
instance  at  Gibraltar,  where,  in  a  narrow  channel  through 
which  a  constant  strong  current  flows,  the  bottom  is  per- 
fectly carpeted  with  this  species.  It  appears  then  that 
for  such  forms  aa  A.  sulcata  well  aerated  water  is  not  suffi- 
cient— there  must  be  in  addition  a  strong  and  constant 
current.  Many  years'  experience  has  shown  that  this  ia  the 
case.  In  the  large  public  aquaria  it  has  been  found  impos- 
sible to  keep  this  beautiful  anemone  more  than  six  months 
in  the  ordinary  tanks,  and  in  order  to  keep  it  longer  and  in 
all  its  brilliancy  I  have  found  it  necessary  to  imitate  artifi- 
cially the  carpet  garden  neat  Gibraltar. 
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XXXir,    Investigations  on  the  MovemcTits  and  Food  of  tfu 
Herring,  with  additions  to  the  Marine  Fanna  of  the 
Shetland  Islands.     By  Fred.  G.  PEAJtCEY,  Esq.,  of  the 
"Challenger"  Expedition.     [Plate  XX.] 
(Read  2l9t  Jauiiary  I8S5.) 

In  June  last,  when  the  Scottish  Sea  Fishing  and  Curing 
Company  (Limited)  was  formed,  a  berth  on  board  the 
"  Enei^,"  one  of  their  three  vessels,  was  kindly  placed  at 
the  disposal  of  Mr  John  Murray,  V.P.E.S.E.,  of  the  "Chal- 
lenger" Expedition  Commission,  for  the  purpose  of  allowing 
a  naturalist  to  accompany  her  on  a  trial  cruise  to  the  Shet- 
land fishing  grounds.  Advantage  was  at  once  taken  of  this 
ofl'er,  which  it  was  seen  would  afford  great  opportunities  for 
the  further  study  of  the  now  great  problem  of  the  development, 
migration,  and  food  of  the  herring  and  other  food  fishes, 
together  with  biological,  physical,  aud  meteorological  work, 
the  result  being  that  I  was  invited  to  accompany  her  for  a 
few  weeks,  an  ofier  which  I  gladly  accepted. 
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Accordingly  on  the  2l8t  June  I  embarked  on  board  the 
"  Eneigy,"  taking  with  me  the  necessary  collecting  appara- 
tus, coDEisting  of  dredge  and  all  the  dredging  appliancea. 
Bounding  rod  and  line,  towing  neta,  microscope,  wkh  re- 
agents, surface  and  deep-sea  thermometetB,  also  hatching 
boxes  for  developing  the  herring  ova  if  an  opportunity  should 
show  itself. 

The  Company's  vessels  are  fitted  out  on  the  Dutch  plan, 
for  curing  herring  and  other  fish  at  sea,  with  the  addition  of 
steam-power  for  working  the  nets. 

The  "  Energy "  is  a  amack-rigged  vessel,  carrying  two 
masts,  main  and  mizzen,  the  mainmast  being  fitted  so  as  to 
be  lowered  at  sea  to  ease  the  weight  of  the  vessel  when 
riding  at  the  nets  or  lines.  She  was  also  furnished  with  a 
patent  steam  capstan,  which  greatly  facilitated  the  bawling 
in  of  the  herring  neto  or  long  lines.  The  size  of  the  vessel 
wUl  be  understood  from  the  following  dimensions : — Let^;th 
of  keel,  74  feet;  breadth  of  beam,  20  feet;  depth  of  hold,  10  feet; 
registered  tonnage  76,  and  an  average  carrying  capacity  of 
about  120  tons.  Appliances  for  curing  were  fitted  on  board, 
consisting  of  large  troughs  2  feet  deep,  on  either  side  of  the 
deck,  fore  and  aft,  with  tubs  and  trays  for  gutting,  etc.,  also 
a  full  complement  of  nets,  buoys,  liand  and  long  lines,  and 
the  requisite  quantity  of  salt  and  barrels. 

In  addition  to  the  provision  for  curing  on  board,  there 
were  also  ftrrangemente  for  "rousing"  or  salting  in  bulk. 
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face  towing  nets,  which  gave  great  quantities  of  the  beauti- 
ful little  Ctenophore,  Beroe  cucumis,  Annelid  larvte,  Zoceic, 
Amphipods,  free  swimming  larvie  of  Balanus,  Appcndicularia, 
many  large  Medusje  {Aurelia,  aurita),  and  Diatoms,  such  as 
Uoseinodisciis,  etc.  The  temperature  of  the  surface  was  50°"5. 
Later  in  the  afternoon  a  light  hreeze  sprang  up,  and  the  sea 
surface  water  waa  noticed  to  change,  aa  we  sailed  slowly 
onward,  from  a  beautiful  sky  blue  to  a  dirty  green  colour. 
The  towing  net  showed  the  latter  colour  to  be  due  to  a  great 
quantity  of  argillaceous  matter  in  the  water,  probably  ilowing 
from  the  river  Tay.     Very  little  animal  life  was  found, 

Tlie  afternoon  of  the  23d  was  spent  in  trying  to  beat  round 
Peterhead,  but  this  was  not  accomplished,  owing  to  the  wind 
dropping  to  a  dead  calm.  Taking  advantage  of  this,  I  was 
enabled  to  work  the  towing  nets,  and  obtained  the  following 
animals: — yAysanoprnfa,  Amphipods,  Zoce  as,  Copepods,5a/anM« 
larviu,  Appendimlaria,  Peridinium,  Beroe,  and  a  few  Diatoms. 

At  9  P.M.  a  fresh  breeze  sprang  up  from  the  south-weet, 
and  this  being  a  favourable  wind  for  us,  we  were  able  to 
make  good  progress  passing  Peterhead.  At  10  p.m.,  with  the 
barometer  falling  steadily,  a  great  deal  of  phosphorescence 
was  noticed  on  the  surface  of  the  water,  which,  on  examina- 
tion, waa  found  to  be  caused  greatly  by  the  Nyctiphanes 
{Thysanopoda)  ?u>rve{iica,  M.  Sara,  and  ZocE?a;. 

At  9  A.M.  on  the  24th  we  were  30  miles  north-east  by 
north  off  Kinnairds  Head,  when  another  complete  change  in 
the  colour  of  the  aea  waa  observed  from  a  light  blue  to  a 
milky  or  slate  green.  Several  buckets  of  water  were  drawn, 
and  some  taken  with  a  large  glass  jar,  all  of  which  waa 
exceptionally  clear.  The  tow-nets  were  worked  for  half-an- 
hour  in  this  locality,  and  with  the  exception  of  one  or  two 
Copepods,  no  pelagic  animals  were  present.  It  took  the 
"  Energy" — going  fully  5  miles  an  hour — about  three-quarters 
of  an  hour  to  pass  through  this  belt  of  peculiar  coloured 
water  before  emerging  again  into  the  ordinary  blue  aea. 
During  this  time  the  temperature  of  the  surface  was  taken  at 
intervals  of  15  minutes,  and  read  as  follows: — 51°'5,  51°'8, 
and  51°'9.  At  4  p.m.  the  surface  temperature  bad  fallen  to 
49°,  and  this  seemed  to  me  a  very  remarkable  coincidence. 
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The  depth  as  shown  on  the  chart,  where  tlie  belt  of  coloured 
water  was  observed,  is  58  fathoms,  with  a  bottom  of  sand 
and  shells.^  It  is  possible  that  the  colour  of  the  water  may, 
to  ft  small  degree,  be  due  to  the  reflection  from  the  white 
sand  at  the  bottom ;  it  certainly  was  not  due  to  any  oi^nisms 
or  suspended  matter. 

At  5  P.H.  a  complete  change  took  place  in  the  weather.  A 
heavy  drifting  mist  set  iu,  while  the  wind  had  increased  to 
half  a  gale,  causing  the  ship  to  labour  heavily  under  close 
reefed  sails.  Fair  Island  (misnamed  so)  was  sighted,  and 
passed  at  8.30  p.m.  By  this  time  the  wind  had  increased 
t4)  fully  a  gale  in  force,  and  at  9  P.M.  the  barometer  had  fallen 
to  49°'04  It  was  with  the  greatest  difficulty  we  were  able 
to  move  about  the  decks.  This  continued  till  1  am.  on 
the  23th,  when  Sumburgh  Head  was  sighted  and  passed,  and 
soon  afterwards  we  entered  the  quieter  waters  of  Mousa 
Sound.  At  2.30  A.ir.  we  cast  anchor  off  Lerwick  after  a  very 
unpleasant  12  hours'  sailing.  Notwithstanding  the  bad 
weather  many  biological  and  meteorological  observations  con- 
tinued to  be  taken. 

Two  days  were  spent  at  Lerwick  discharging  the  super- 
fluous material  brought  from  Leith,  refitting  the  "  Energy " 
with  small  sails,  and  putting  her  in  proper  order  for  the  fish- 
ing. During  this  stay  I  occupied  myself  in  investigating  the 
pelagic  life  of  Lerwick  harbour  and  Bressa  Sound,  which  I 
found  contained  an    enormous    quantity  of  algie,  chiefly 
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which  showed  a  bottom  of  shell-sand.  The  surface  tem- 
perature was  oC'S,  and  the  bottom  49°'2. 

Here  the  herring  nets  were  set  for  the  first  time,  and  before 
going  further,  it  may  be  interesting  to  describe  the  method 
in  which  they  were  wrought. 

In  the  first  place  the  ship  is  brought  head  to  wind,  and  all 
the  sails  are  taken  in  except  the  jib  and  mizzen  sail  or 
spanker.  The  helm  is  la.'jhed  close  over  to  one  side,  so  as  to 
keep  the  ship  steady  and  in  position,  in  this  manner  the 
ship  is  allowed  to  drift  slowly  with  the  wind  while  the  nets 
are  paid  out  over  the  quarter.  For  this  purpose  the  whole 
of  the  crew  ia  required  ;  two  hands  below  in  the  hold  to  ease 
and  clear  the  nets  as  they  are  passed  on  deck,  one  in  the 
hawser  or  apring-back  locker,  four  to  attend  the  nets  as  they 
are  passed  over  the  weather  side,  one  to  attach  the  buoys  to 
the  nets  and  spring-hack,  two  to  attend  the  spring-hack,  and 
one  to  keep  the  whole  clear  as  they  enter  the  water.  Then 
the  end  of  the  spring-back,  which  is  intended  to  keep  the  nets 
in  position,  is  passed  up  out  of  the  locker,  and  a  large  sheep- 
skin buoy  ia  attached  to  the  end,  which  ia  passed  out  over  the 
bow  for  a  few  yards ;  the  nets  are  next  let  out  over  the  weather 
quarter  and  brought  to  the  bow  of  the  ship,  with  a  cork  buoy 
attached  at  intervals  of  three  yards,  and  sheepskin  buoys  are 
attached  to  the  spring-back  and  nets  alternately.  In  this  way 
they  are  paid  out  as  fast  as  the  sliip  is  drifting  to  leeward. 

In  hauling  the  nets  on  board  again  the  apring-back  is 
attached  to  the  steam-winch,  and  hauled  in  over  the  bow. 
By  so  doing  all  the  strain  is  taken  off  the  nets,  which,  as  the 
buoys  are  detached  at  the  bow  and  passed  along  the  side  of 
the  ship,  are  taken  on  board  in  the  same  manner  as  they 
were  paid  out  over  the  quarter.  The  herring  are  then  shaken 
out  on  deck  or  into  the  troughs,  and  the  nets,  spring-bock, 
buoys,  etc.,  are  stowed  away  ready  for  the  next  cast.  After 
all  the  nets  are  taken  in  the  crew  at  once  set  to  work  gutting, 
curing,  and  packing  in  casks  ready  for  the  market 

During  the  operation  of  laying  out  the  herring  nets  I 
worked  the  tow-nets  from  the  surface  down  to  5  fathoms — 
one  of  these  tow-neta  was  made  of  a  fine  muslin  and  the 
other  of  a  coarser  material.     When  the  nets  were  hauled  on 
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board,  after  dragging  slowly  for  an  hoar,  they  contfuned  s 
great  quantity  of  tJie  same  Alga  which  was  obtained  in  Lerwick 
Harbour  and  Breaaa  Sound,  and  with  the  exception  of  a 
few  Copepods  no  othw  animal  life  was  noticed  amongat 
it 

From  the  25tb  of  June  till  the  12th  July,  the  "  Energy  " 
tisbed  with  herring  neta,  lines,  dredge,  swabs,  and  tow-nets, 
down  the  east  coast,  round  the  extreme  north  end  of  the 
islands,  and  up  again  off  the  west  side  of  Fonla  and  Fair 
islands,  from  10  to  80  miles  off  land,  which  is  shown  by 
reference  to  the  accompanyii^  chart.  Our  greatest  catch  of 
herring  was  taken  midway  between  Fair  and  Foula  Islands, 
with  a  surface  temperature  of  52°-5,  and  the  bottom  water 
at  50°  Fahr. 

My  daily  routine  of  work  was  as  follows,  viz.,  at  4.30  a.il 
the  herring  nets  were  hauled  on  board,  and  the  herring 
gutted,  their  viscera  thrown  into  a  tub  set  aside  for  that 
purpose,  and  afterwards  carefully  examined  by  me,  notes 
taken,  and  contents  preserved  for  future  examination ;  at  9 
A.1L,  12  noon,  and  9  p.m.  meteorological  observations,'  a 
sounding,  temperatare  of  surface  and  bottom  water  was  taken 
and  noted.  The  tow-nets  were  kept  working  continually 
night  and  day  at  the  surface  and  intermediate  depths,  notes 
taken,  and  their  contents  preserved.  When  weather  per- 
mitted the  dredge,  or  several  swabs  attached  to  a  rod  of  iron 
and  weighted  with  sounding  leads,  was  worked,  and  the 
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watched  very  closely  for  tlieni,  hence  I  was  unable  to  make 
any  experiments  with  fertilisation. 

This  work  continued  almost  without  intermission  till  the 
12th  of  July,  when,  owing  to  the  inclemency  of  the  weather, 
we  put  into  Scalloway,  where  I  finally  left  the  "  Energy." 

Eemarks  on  the  Food  and  Movements  of  Heruing. 

A  good  deal  of  late  has  been  written  upon  this  subject,  and 
much  valuable  information  has  been  collented,  but  no  definite 
conclusions  seem  to  have  been  arrived  at  During  the  cruise 
of  the  "  Energy  "  round  the  Shetland  Islands  the  herring  nets 
were  worked,  with  one  or  two  exceptions,  every  night.  The 
exact  position  where  the  nets  were  drawn  will  be  seen  by 
reference  to  the  accompanying  chart  The  position  of  the 
ship,  the  surface  and  bottom  temperature,  were  taken,  and 
when  an  opportunity  occurred  the  nature  of  the  bottom  was 
determined;  collections  of  surface  animals  were  also  con- 
tinuously made.  All  the  herring  caught  were  immediately 
gutted,  and  their  viscera  thrown  into  a  tub  sot  aside  for  that 
purpose,  the  stomachs  being  afterwards  more  carefully 
examined.  In  this  manner  I  was  able  to  examine  the 
-itomachs  of  most  of  those  caught  during  the  cruise,  and  the 
moat  remarkable  result  of  my  observations  has  been  the 
record  of  their  emptiness — fully  90  per  cent  being  devoid  of 
food  material — so  that  it  was  only  on  rare  occasions  I  found 
one  containing  what  may  be  termed  a  full  meal.  When  this 
was  the  case  it  consisted  principally  of  young  fish  such  as 
Ammodi/tee,  Motella,  and  Qadus  potlackuts,  and  in  some  cases 
these  were  mixed  with  a  few  Copepods,  the  zoa?je  stage  of 
Brachyura,  Evadne,  larva)  of  Mollusca,  Kadiolaria,  eta  Three 
tubes,  each  containing  some  of  tlie  preserved  contents  of  the 
herring  stomachs,  have  been  carefully  examined,  and  the 
results  are  as  follows ; — 

Tube  M.  1. 
One  specimen  of  a  young  fish  presented  the   following 
characters : — Length,  13  mm. ;  colour,  yellowish ;  shape,  elon- 
gated ;  dorsal  fin  not  prominent,  but  close  to  tail ;  single  anal 
fin  not  prDmiueut,  close  to  tail,  and  opposite  the  dorsal  fin  ; 


1 


396  Pneeedinga  of  the  Eoyal  Phyneal  Soddy. 

pectoral  fins,  immediately  behind  the  head ;  anont,  eloDgated ; 
upper  surface  of  anout,  concave ;  no  pelvic  fins  viaible ;  pig- 
ment spots  on  the  dorsal  surface  of  the  head  and  along  tiie 
liody — ftboTe  and  below — on  either  side,  hence  possibly  the 
specimen  was  Ammodyta.  All  the  other  specimens,  22 
in  number,  were  probably  the  young  of  Brotrnta  hrotme 
(White).  They  were  somewhat  like  Ramu^  ranintu 
(Collett),  being  provided  with  soft  fins,  having  the  pelvic  and 
jugular  in  their  normal  positions  and  very  long,  consisting  of 
three  or  four  curved  separate  rays ;  the  pectoral  fin  was  small 
and  rounded;  the  dorsal  fin  continuous  from  a  joint  behind 
the  head  to  the  tail ;  the  ventral  6n  continuous  from  tail  to 
anus;  the  head  was  globular,  mouth  small,  and  the  lower  jaw 
did  not  project.  There  was  also  a  alight  prominence  at  the 
tail  of  a  rounded  form.    Their  length  varied  from  6  to  7  mm. 

JV6e  No.  2. 
This  contained  one  clotted  piece,  with  a  number  of  casee  of 
TiniinuB  de7Ui«ulatug,  Copepods,  and  Molluscan  larva;  four 
specimens  of  fishes,  5  to  6  mm.  long,  provided  with  fins  con- 
tinaons  round  the  tail ;  thoracic  pelvic  fins,  and  the  anas 
situated  far  from  the  tail,  the  head  being  globular.  The 
specimens,  however,  were  not  old  enough  to  identify.  Mr  J. 
T.  Cunningham  informs  me,  they  resemble  somewhat  tiioee 
which  were  batehed  at  the  Marine  Station,  Granton,  from 
adhesive  eggs.    This  tube  also  contained  a  single  specimen 
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in  examining  the  contents  of  their  stomachs ;  over  a  thousand 
of  the  largest  were  dissected,  and  it  was  found  that  not  more 
than  three  or  four  in  a  hundred  contained  food.  It  is  some- 
what remarkable  that  this  food  consisted  almost  entirely  of 
young  fish.  One  of  the  most  perfect  specimens  was  kindly 
identified  for  me  by  Dr  Francis  Day  {Gadva  pollachius).  It 
is  worthy  of  note  that  no  young  fish  of  the  above  species 
were  taken  in  the  surface  gatherings,  while  others  of  the 
genus  Ammodyles  and  Motella  were  in  some  localities  quite 
common.  After  examining  my  notes  on  previous  investi- 
gations upon  the  same  subject,  I  am  convinced  that  the 
lierriug  feed  upon  most,  if  not  all,  of  the  minute  animals 
which  live  in  or  near  the  surface  waters  of  the  sea;  and 
wherever  these  are  abundant,  there  the  herring  will  be  found 
in  the  largest  quantities.  There  can  be  no  doubt  that  the 
herring,  like  most  other  fish,  is  a  voracious  feeder :  nothing  in 
the  way  of  food  seeming  to  come  amiss.  The  abundance  of 
its  food,  as  well  as  suitable  localities  for  depositing  ova,  are, 
in  my  opinion,  the  principal  causes  of  their  apparently  hap- 
hazard movements.  The  temperature  of  the  water  does  not 
seem  to  me  to  have  much,  if  any,  effect  on  the  movements 
of  the  herring;  but  this  may  not  hold  good  as  far  as  the 
propt^tion  of  tlieir  young  on  the  spawning  grounds  is  con- 
cerned. It  is,  however,  impossible  to  draw  definite  conclu- 
sions on  such  extremely  short  investigations.  It  will  be  for 
future  investigators  to  show  whether  the  variation  of  tem- 
perature has  anything  to  do  with  their  movements.  The 
average  temperature  of  the  sea  surface  all  round  the  Shetland 
Islands  from  the  24th  June  to  the  J  2th  July  was  5T  Fahr., 
and  the  bottom  temperature  50°.  Where  our  greatest  catcb 
of  herring  was  taken,  the  surface  temperature  was  52°5 
when  the  nets  were  laid  out,  and  51°9  when  hauled  in. 

This  change  of  temperature  took  place  during  six  hours 
while  the  "Energy"  was  drifting  slowly  with  the  nets.  On 
the  east  side  of  the  Shetland  Islands,  as  far  as  could  be 
made  out  by  the  position  of  the  nets  and  the  way  the  herring 
were  caught  in  tbeni,  they  were  swimming  in  a  south-ensi 
direction ;  while  on  the  west  side  of  the  islands  tliey  were 
swimming  in  a  8outh-uv«^  direction. 
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Professor  Cossar  Ewart,  in  s  paper  read  before  the  Boyal 
Physical  Society  *  od  the  subject  of  the  deserted  spawning- 
gionnda  of  the  herring,  says :  "  One  of  the  best  known  bonks 
visited  in  the  autamn  is  the  Guillan  Bank,  while  the  bank 
at  BallaDtrae  is  the  most  familiar  resort  dnring  the  spring ; 
but  in  addition  to  these  there  are  many  others  well  known 
to  OUT  fishermen.  All  these  Bpawniog^grouuds  are  liable  to 
be  deserted  for  longer  or  shorter  periods,  eg.,  Gnillan  Bank 
has  practically  been  deserted  daring  the  last  fifteen  years ; 
the  bank  off  Dunbar  has  been  deserted  for  a  still  longer 
period ;  the  Bollantrae  bank  was  all  bat  deserted  for  seTeral 
years;  while  the  herring  shoals  left  the  Bohoalan  gronnds 
in  1808,  and  did  not  make  their  appearance  again  in  any 
nnmbers  until  1877." 

The  desertion  of  the  herring  from  the  spawning-groands 
mentioned  above,  I  am  of  opinion,  may  be  partly,  if  not 
wholly,  attributed  to  the  following  causes.  In  the  first  {dace, 
the  fishermen  have  been  complaining  for  several  years  of  the 
great  numbers  of  sharks  and  dog-fishes  which  frequent,  or 
have  remained,  in  certain  localities  known  to  be,  or  to  have 
been,  spawning-grounds  of  the  herring,  and  where  immense 
catches  of  herring  were  formerly  taken ;  but  since  the  arrival 
of  Uie  sharks,  it  is  sure  ruin  to  lay  their  nets,  as  they  are 
either  lost  altogether  or  torn  to  pieces  by  them.  An  illus* 
tration  of  this  presented  itself  during  the  cruise  of  the 
"  Enei^ "  off  the  west  coast  of  the  Shetland  Islands,  once  a 
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in  the  nets,  which  were  also  badly  torn.  Hence,  it  woulil 
appear  that  the  sharks,  when  once  properly  located,  remain 
in  or  near  the  same  ground,  where  they  have  been,  and  pro- 
bably are  still,  abundantly  supplied  with  food ;  and  the  once 
favourite  spawning-ground  of  the  herring  is  naturally  shunned 
by  them  for  a  more  quiet  and  suitable  loaility.  Secondly, 
for  the  last  three  years  the  fishermen  at  the  Shetland  fishing 
grounds  have  been  sorely  tried  by  loss  of  time  and  expense 
incurred  in  replacing  their  nets,  owing  to  the  enormous 
quantity  of  vegetable  matter,  which  they  regard  as  diii  iii 
the  water.  This  matter  is  almost  exclusively  diatoraaceous, 
consisting  of  the  living  frustules  of  likizowhnia  Shruhsolei 
and  Thidlasiosira  Nordenskitildii,  which  we  have  already  re- 
ferred to,  and  which,  in  addition  to  destroying  the  fishermen's 
nets,  emit  an  exceedingly  disagreeable  odour. 

This  was  also  my  experience  while  on  board  the  "Energy," 
as  we  often  passed  through  huge  dense  banks  of  it.'  Between 
these  were  spaces  of  clear  water,  so  that  the  nets  were  fre- 
quently stretched  across  the  lihizoso/enia  banks  and  clear 
spaces  together;  in  every  case  where  the  nets  were  lying 
among  Rhizosolenia  not  a  single  herring  was  caught,  while 
outside  of  the  diatomaceous  zones  they  were  found  in  abund- 
ance. Many  experiments  were  made  to  test  the  exclusive 
power  of  the  Diatoms,  all  giving  the  same  results. 

Not  being  able  to  account  for  so  much  vegetable  matter, 
and  little  or  no  animal  life  in  the  surface  water,  I  determined 
to  make  some  experiments  as  to  how  deep  the  alga?  were  to 
be  found,  and  whether  the  pelagic  life  was  more  abundant 
underneath  the  algoid  material.  Accordingly,  three  nets 
were  worked  for  an  hour  simultaneously,  one  on  the  surface, 
one  at  10  fathoms,  and  the  other  at  20  fathoms ;  all  three 
were  taken  on  board  with  great  quantities  of  algai.  The  one 
at  10  fathoms,  however,  contained  the  moat,  showing  that  it 
was  in  greater  quantities  at  10  fathoms  than  either  at  the 
suri'ace  or  at  20  fathoms. 

I  have  never  before  observed  algai  to  have  snch  a  decided 
efl'ect  on  the  water.  In  two  localities,  during  the  "Challenger  " 
Expedition,  viz.,  Arafura  Sea  and  the  Antarctic  Sea,  algie 
'  Tlio  localities  tire  hiOii'atecI  by  brown  jmtthua  oti  tlie  tliarU 
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were  taken  from  the  surface  in  great  abandance,  so  much  ao 
in  the  Antarctic,  that  their  dead  frnstules  made  up  the  de- 
posit at  the  bottom,  fonniug  a  diatomac«oua  ooze;  but  at 
neither  of  these  places  bad  it  such  an  effect  in  colouring  the 
water,  noi  was  there  any  offensive  odour  as  when  taken 
in  mass  in  the  north  by  the  tow-nets.  The  herring  nets 
were  often  thickly  coated  with  this  algie,  but  the  phosphatic 
odour  given  off  was  so  offensive  at  times,  that  the  men 
could  scarcely  remain  at  work,  and  were  only  able  to  do 
so  by  allowing  the  nets  to  run  through  tubs  of  fresh 
water  as  they  were  haoled  on  board.  Little  heaps  of 
the  algte  were  formed  on  the  deck,  as  it  dropped  from 
the  nets.  These  heaps  were  to  the  touch  slimy  masses, 
similar  in  colour  to  molasses,  and  the  nets  from  which 
they  fell  bad  to  be  carefully  washed  before  being  again 
used. 

There  can  be  no  doubt,  then,  that  this  vegetable  matter 
exercises  a  very  great  influence  over  the  herring  and  the 
pelagic  animals  upon  which  they  feed,  as  very  litUe  animal 
life  was  found  amongst  it.  In  support  of  my  observations,  I 
have  received  a  letter  on  the  subject  from  Mr  W.  H.  Shrub- 
sole  of  Sbeemess,  with  whom  I  had  put  myself  in  communi- 
cation.   He  says : — 

"  I  have  often  met  with  Bhizosolenia  here  in  small  quanti- 
ties, and  in  1880  or  '81  I  found  that  the  water  of  the  Thames 
estuary  was  crowded  with  it;  each  time  I  dropped  my  tow- 
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taken  in  abundance  and  where  few  or  no   herring  were 
caught 


/  Noss  Hbad,  W.  i  N.  80  miles,    .        .  i  Surface  Temperature, 
Skerrt  Light,  N.W.  i  N.  19}  miles,  j  50^*8. 

Annelid  larviB,         .        .     many. 
Zocese,      ....    many. 
Herring     /      Copepods^         .        .        .    common. 


PlentifuL 


Olobigerina  bulloides,  many,  covered  with  their  beautifully 

delicate  spines. 
Radiolaria,  .     few. 

AppendictUariOf       .         .     common . 
\    Peridiniwm,     .        .        .     few. 


Herring 
PlentifuL 


^  Skerrt  Light,  W.  i  N.  27}  miles,     .  ^  Surface  Temperature, 
Lamba  Ness,  N.W.  by  N.  81  mUes,    .  j  60' '4. 

Young  Fish  {MoUlla),       .     many. 

Young  Fish  {Ammodytea},     several. 

Molluscan  larvse,      .  many. 

Zooese,      ....     many. 

Copepods,         .        .        .     common. 

Echinoid  larvse,        .        .     few. 

Olobigerina  bulloides,        .     few. 

Olobigerina  inflaUif  .        .     severaL 

Radiolaria,       .        .        .     few. 

Tiniinua  denlicukUtia,  common,  the  ciliary  movement  of 
which  was  seen  distinctly,  but  the  endochrome  dis- 
appeared when  placed  in  spirit. 

Appendicularia,       .        .     common. 

The  localities  are  indicated  by  the  cross-shaded  patches  on 
the  accompanying  chart. 


I 


3. 

No 
Herring. 


Few 
Herring. 


Diatomacoous  Zone,  chiefly  Hhizosolenia  Shrubaolei, 

f  Ve  Skerries,  E.  by  N.  12  miles,  with  \ 

I         a  drift  over  the  same  bearings  of  5  (  Surface  Temperature, 


miles,   . 
I  FouLA  Island,  £ 

\      Copepods, 
Zoceffi, 
Radiolaria, 
Medusffi,  . 
BhixosoUniaf 


lilen.  / 


62* -2. 


side,  S.  4  W.  9  miles, 

.    very  few. 

.    one. 
several* 
several, 
common. 
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SiTMnrtiiii  HaATi,  E.  bjr  N.  It  nil's, .  i  

Nohth  FtoxT  or  r*iB  UiMtb.  13  [~**  j^l*«»«« 


YoDnK  Full  {AmmutfUt), 
Voanf!  Fisli  iMaUUa), 
MoUnican  Um. 
Olofri^eriaa  bttUoiJa,  with 
lUiIiolaru  (compoDud), 

Jjqieitdiailaria, 
Ftridimma  tripat,     . 
Peridiaium  ip., 
TVnIiwuj  dtnlteuhiliu. 


SoALUnvAT  Hahbovr,  llth  July. 


Oaatropoil  liura, 

Anoflid  lurva,   . 

Copcpodi, 
Keliinoid  I>n«, 
Hwlnnoiil  ^Doplioi 

Diatoma, few,  Ruch  ns  Coa^tiMMJucio 


serycor 


L18T  OP  OflSEBViNG  Stations. 
Station  1.  FUKJC2R  LiGUT,  W.  \  N.  25  miles.     Depth,  12J 
fathoms. 
Surface  temperature,  53°'5 ;  bottom  temperature,  49'''3 
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Station  5.  Fair  Island,  S.  ^  E.  18  miles. 

SuMBURGH  Head,  E.  by  S.  J  S.  18  mfles.    Depth, 
70  fathoms. 

Station  6.  Bight  of  Hames,  Bressay.    Depth,  6  fathoms. 

Station  7.  Off  Sumburgh  Head,  11  miles.   Depth,  75  fathoms. 

Station  7a.  Sumburgh  Head,  S.E.  by  S.  14  miles.    Depth, 

76  fathoms. 

Station  8.  Lat  58^  45'  0"  N,  long.  0^  55'  0"  E. ;  depth,  85 

fathoms. 


List  of  Animals  collected  during  the  cruise  of  the  Fishing 
Smack  "  Energy,"  arranged  in  their  order  of  classification. 


C(ELENTEKATi^ 

>. 

Hydroida. 

Eudendrium  ramosum  (Linn.).           Stations  1  and  8. 

Tuhdaria  indivisa,  Linn. 

i> 

2,  4,  and  8. 

„        larynx,  Ell.  and  SoL 

» 

4. 

„        coronata  (Abildg.). 

» 

5. 

Clytia  johnstoni  (Alder). 

>» 

4. 

Companularia  raridentata,  Alder  ? 

ft 

4,5. 

„            verticillata  (Tiinn.). 

n 

4,5. 

Oonothyrcea     hyalina,    Hincks,     on 

Tviularia. 

» 

5. 

Obelia  dichotoma  (Linn.). 

n 

2,6. 

Lafoea    dumosa     (Flem.),    on   Sert, 

abietina  and  Hydrallmania, 

» 

5,  7,  7a. 

Coppinia    arcta,    Dalyell,    on    Sert 

abietina. 

M 

4. 

Haledum  halednum  (Linn.). 

» 

5,  7,  7a. 

Serttdarella  polyzonias  (Tiinn.). 

99 

4. 

„          gayi,  Lam. 

» 

2,4. 

Diphasia  pinnaster  (Ell.  and  SoL). 

W 

2. 

Sertulariafilicula  (EIL  and  Sol.). 

»'      > 

4 
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Saiutarui  aiUtina,  linn. 

„  cupreanna,  linD. 

ffydraltmania  faleata  (Linn.). 
l%uiaria  thttja  (Linn.). 
Antmnviaria  ramoaa  (I^m.). 
Plumviaria  pinnata  (Linn.). 


StatioDS  4,  5. 
„       4, 5. 


ECHINODERMATA. 

Ophtoboidea. 
Ophio^pholis  acuUata  (0.  F.  MnlL).      Stations  2,  3,  7,  7a. 

Opkioeoma  nvjra  (0.  F.  MiiU.).  „  6. 

Ophiactis  Bediii  (Thomps.).  „  2. 

OpkiUkrix  petUaphylluia  (Pennant).        „  2,  3,  6,  7a. 

Ophiactis  abytsicola  (Sars).  „  2. 


ASTEROIDEA. 
Asterias  nibcns,  Linn. 

„       ijlacialis,  Linn.,  young. 
Laidia  Saraii  (Diib.  and  Korea). 
Aatropeeten  irregvlaria  (Pennant). 
Solaster  papposat  (Linn.). 
Cril/rdla  sanguinolenta  (MulL). 
StichaOtr  roaeas  (0.  F.  MiilL). 


Stations  1,  2,  6. 


2,  7,  7a. 
2,7. 
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HOLOTHUROIDEA. 

Cucumaria  frondosa  (Gunner),  a 
single  specimen  from  Lerwick 
Harbour,  7  fathoms. 

POLYZOA. 

BtigiUa  avicularia  (Pallas),  several 

fine  specimens.  Stations  1,  2,  5. 

„       murrayana  (Bean).  „  7a. 

„       ]purpwrotincta,  Norman.  „  5. 

Cellaria  fistvlosa  (linn.).  „  2, 4. 

Microporella  ciliata  (Pall.).  „  7. 

Schizoporella  linearis  (Hassall).  „  7. 

Porella  compressa  (Sowerby),abundant.  „  2,  7,  7a,  8. 
Retepora  heaniana,  King,  abundant, 

and  fine  specimens.  „  1,  2,  7,  7a. 

Cellepora  pumicosa,  Linn.  „  2,  4. 

„        ramtdosa,  Linn.  „  1,  2,  7,  7a,  8. 
„      dichotoma,  Hincks,  chiefly  on 

Haledum  and  other  Hydroids.  „  1,  7a,  8. 

Eortiera  lichenoides  (Linn.).  „  2,  7a. 

Idmonea  serpens  (Linn.).  „  4,  7a,  8. 

Diastapora  patina,  Lam.  „  2,  7,  7a. 

„         obdia,  Flem.  „  7. 

StomcUopora  sp.  „  7. 

CRUSTACEA. 

CiRRIPKDIA. 

Scalpellum  vulgaris,  Leach.  Station  4. 

COPEPODA. 

Caligus  rapax,  M.  Edws.,  with  Udon- 
ella  caligorum  attached.  From 
a  cod. 

Amphipoda. 

Oammaropsis  ery^Ar(?pA^iWmtM,Lillje- 

borg.  Stations  2,  7,  8. 
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Ceraptu  difformiB,  M.  Edwa.,  g  and  9.    Stations  7. 

Podocerua  minvius,  O.  0.  S^,  A  $. 
This  species  hoa  not  been  pre- 
viously recorded  as  British. 
Shetland  speoimeDs,  however, 
enst  in  Dr  Norman's  collection 
(ander  a  MS.  name)  found  by 
him  in  1868.  „        8. 

PnOo   ventricota  (MiilL),  P.  pedata. 

Leach,  P.  goodtiri.  Bate.  „       1. 

Amphitkopsia  latipes,  Sars.  „        8, 

CaUiopiiu    osaiani,   var.  Jingalli,   K 

and  W.  „       8. 

PJterusa  fucieola.  Leach.  „       2,  8. 

„       hicatpis  CKrSyer).  „       8. 

^mothoe  poiUxiana  (^ta).  „       8. 

„        mowKuloidet  (Mont),  $.  „       8. 

Mieroprotoput  maadalw,  Norman.  „       8. 

Microdeuteropua  anomalua  (Bathke),  5.        „       8. 

laOPODA. 

Cinlana  apinipea,  Bate  and  Westw.       Station  2. 
AttaeiUa  Unu/icornia,  Sow.  „        8. 

Jatiira  maculoaa,  Leach.  „       7. 
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TUNICATA. 
Ascidia  virginea,  0.  F.  MtilL  Station  6. 


PORIFEIIA. 

Isodictya  infundibiUifarmis  (Linn.).       Stations  7. 
Phakellia    ventUdbrum    (Linn.)  ?    a 

single  specimen. 
Tethea     craniv/m     (MiilL),    several 

specimens. 
Dictyocylindrus  hispidus  (Mont.). 


n 


» 


1. 


2,  7.  7a. 
2. 


VEEMES. 

Aphrodite  acuUata,  Linn. 

Stations  8. 

Lepidonotus  sguamatus,  Linn. 

if 

5. 

FUigrana  implexa,  Berk. 

ft 

7.7a. 

Pectinaria  sp.  (tube). 

ft 

8. 

Lanice  conchilega,  Pallas. 

n 

2. 

Serpula  vermiculariSf  Linn. 

ft 

2,  7,  7a. 

Spirorbis  luddus,  Mont,  on  Hydroids. 

»» 

4,  6.  7. 

Nothria    conchylega,    Sars,    several 

specimens. 

t> 

1,8. 

PYCNOGONIDA. 
Nymphon  bremrostre,  Hodge.  Stations  2. 


Pycnogonum  liUorale,  Strom. 


i» 


7,7a. 


MOLLUSCA. 
Brachiopoda. 

TerebrattUa  capiU-serpentis,  Linn.,  one 
living  specimen  and  small  valves. 

Crania  anamala,  MtilL,  several  speci- 
mens on  a  stone. 

Lamellibranchuta. 

Anomia  ephdppittm,  Linn.,  var. 
squamula. 


Station  5. 


» 


7. 


Stations  2,  7,  7a,  8. 
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Pedm  opercularis,  Linn.,  dead  valves.    Stationa  2. 


„      tiffrinus.  MiilL,  dead  valves. 

«       5. 

„      atriatus.    MiilL,    two     living 

specimens. 

..       5,  7. 

„      timilia,  Laskey,  a  single  valve. 

„       2. 

„      Tnaximut,  Linn.,  a  living  speci- 

men. 

„       3. 

Lima   suiavfictUata,    Mont,  single 

valves. 

,,       6. 

MytiluB      p?ui9eolinia,    FhiL,    single 

valves. 

..       5,  7. 

valves. 

,.       7. 

ifotUacvia  auMriaia  (Mont),  living 

.,       6.  7.  7a. 

Lucina  borealis,  Linn.,  a  single  valve. 

„       7. 

Astarte  sulcata  (Da  Costa),  fragments. 

„       7. 

a  single  valve. 

„       7. 

Mya  iTwnmta,  Linn.,  a  single  valve. 

..       7. 

Saxicava  rugosa,  Linn.,  var.  antiea, 

Uving. 

,.       2. 

SOLEHOCONCmA. 
Dentalium  entalis,  Linn.,  dead  shells,      stations  7,  7a. 
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Cephalopoda. 

From  Herring  Nets.    Todarodes  (flmrnatostrephes) 

sagitiatus  (Delle  Chiaj^).  Station  2. 

From  Stomach  of  a  Cod.  Eledone  drrom  (Lamk.).         „       2. 


Examination  of  Sea  Bottom. 

Specimens  of  the  deposits  from  thirteen  localities  have 
been  examined  and  the  Foraminifera  determined. 

Particulars  as  to  locality,  physical  conditions,  etc.,  are 
given  in  the  description  of  each  sounding,  No.  1  to  11  and 
stations  1  to  5  corresponding  to  the  headings  of  the  columns 
in  the  distribution  tabla 

Station  1.  Flogger  Light,  W.  J  N.  25  miles.    Depth,  125 
fathoms. 
Surface  temperature,  53°-5;  bottom  temperature,  49°'3. 

A  bluish  sandy  ooze,  with  fragments  of  MoUusca  and 
Echinoderms;  Foraminifera  abundant,  both  pelagic  and  bottom 
living  species,  notably  Olobigerina,  the  Arctic  variety,  G. 
pachyderma,  Q,  buUoides,  also  Discorbina  and  Truncatulina. 

Station  5.  Fair  Island,  S.  ^  K  18  miles. 

SuBiBURGH  Head,  K  by  S.  J  S.  18  miles.    Depth, 
70  fathoms. 

A  brown  shell  sand  made  up  chiefly  of  fragments  of  6as- 
teropod  and  Lamellibranch  shells,  SerptUas  tubes,  Polyzoa, 
and  a  few  Otoliths  of  fish,  with  a  good  quantity  of  quartz 
sand ;  the  Foraminifera  were  not  common  in  quantity  in  this 
deposit,  although  twenty-two  species  were  obtained. 

Sawnding  1.  27th  June.    OfiT  Noss  Head,  W.  I  S.  27  miles. 

Depth,  70  fathoms. 
Surface  temperature,  50'*'2;  bottom  temperature,  49''*2. 

A  gray  sandy  mud,  containing  many  fragments  of  Gkistero- 
pod,  Lamellibranch,  and  Echinoderm  shells,  with  the  follow- 
ing types  of  Foraminifera : — MUiolina,  Textularia^  Uvigerina, 
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Olob^erina,  Truneatviina,  PiUvinidiiui,  and  Botalia ;  none  of 
the  above  fonos  were  common. 


Smindinff  2.  2dih  June.    Seebbt  Light,  W.  by  N.  20  miles. 
Ldhba.  Nxbb,  K.W.  I  N.  18  miles.    Depth,  65 
fathoma. 
Surface  tempeiatore,  50° ;  bottom  temperature,  49*''9. 
A  yellow  shell  sand,  composed  chiefly  of  Gaateropod, 
Lamellibraacb,  DentcUium,  Serpukc,  Folyzoa,  aud  Echinodenn 
fragments,  with  quartz  grains  and  Foraminifera,  represent- 
ing the  following  types: — Siloeulina,  MUiUina,  Spirdoeviina, 
Textviaria,Qldbigerina,  JDiecorbina,  TVuncaiulina,  Putvinuiina, 
and  Cfypsina ;  Discorbina  and  Truncaiulina  predominating. 

Sounding  8.  Skbbby  Light,  W.  i  N.  27i  miles. 

LUMBA  NE6S,  K  W.  by  N.  31  milea    Depth,  76 

fathoms. 

Surface  temperature,  50'''2 ;  bottom  temperature,  60°, 

A  brown  quartz  sand  with  many  fjagments  of  Gasteropod 

and  Lamellibianch  shells,  DerUaiium  tubes,  Ostracod  shells, 

SerpuicB    tubes,    Folyzoa,  and  Echtnoderm  hagmeota,  the 

Foraminifem  found  in  this  dc^sit  was  similar  to  those  taken 

in  Sonnding  No.  2,  but  in  ^^ter  quantities' and  variety 

among  the  bottom  living  forms. 
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fragments  with  a  few  quartz,  the  same  genera  as  in  Sounding 
No.  4. 

Sounding  6.  5th  July.    Vb  Skerry,  E.  by  N.  12  miles. 

FouLA  Island,  S.  i  W.  7  milea    Depth,  73 
fathoms. 
Surface  temperature,  52®'3;  bottom  temperature,  51**'8. 

A  shell  sand  chiefly  composed  of  fragments  of  Gasteropod 
and  Lamellibranch  shells  with  Ostracod,  Serpulce,  Polyzoa, 
and  Echinoderm  fragments  with  a  few  quartz  grains.  The 
most  conspicuous  Foraminifera  in  this  deposit  were  Globi- 
gerina  (Arctic  species),  Discorbina.  and  Truncatvlina, 

Sounding  7.  6th  July.   Foula  Island,  KW.  9  miles.   Depth, 

68  fathoms. 
Surface  temperature,  52®'2;  bottom  temperature,  51°'l. 
A  yellow  shell  sand  from  which  only  four  genera  of 
Foraminifera  were  taken,  the  most  conspicuous  being  Tex- 
ttUaria. 

Sounding  8.  7th  July.   Lat.  59°  36'  N.,  Long.  2°  4'  W.    Depth, 

70  fathoms. 

A  quartz  sand  with  a  few  shell  fragments  from  which 
Foraminifera  representing  seven  genera  were  taken,  Trun- 
catulina  and  Discorbina  predominating. 

Sounding  9.  8th  July.    Sumburgh  Head,  E.  J  S.  7J  miles. 

Fair  Island,  S.W.  \  S.  15  miles.    Depth,  58 
fathoms. 

A  yellow  shelly  sand  from  which  Foraminifera  of  five 
genera  only  were  taken  all  of  the  bottom-living  species. 

Sounding  10.  9th  July.    Fair  Island,  S.  f  E  14  miles. 

Sumburgh  Head,  E.  by  S.  12  miles.    Depth, 
62  fathoma 

This  deposit  was  similar  in  every  respect  to  Sounding 
ko.  8. 


412  Proceedinga  <if  the  Soyai  Phi/tieal  Soeitty. 

Sownding  11,  and  washing  from  awabs.  Lat  58*  45'  N., 
Long.  0°  55'  0"  E.  Depth,  93  fiathoin& 
A  blae  saudy  mud,  with  a  few  Gasteropod,  lAmellibranch, 
and  Ostracod  shells,  also  many  Echinoderm  firagments.  This 
deposit  was  exceedingly  rich  in  Foraminifera,  especiallj  in 
the  arenaceous  type,  notahly  Aatrorkiza  armaria,  SdplojArt^- 
mium,  and  Beopkax, 
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Polymaiyhina  gibba,   fi«tuloBe  ( 

■^           fom,  d'Orb.,  \ 

„           tororia,  Ketiw., 

cltganlUiimit,     \ 

h  »nd  0.,    .  ( 

Uvigtriiut  anguloan.  Will.,    . 
pVffnua,  A'OtK,     . 

«,/ato,  d'Orb.,    . 

{Orbalita.)      uni- 1 

i»r»,  dW.,   .  ( 

Dixorbiaa  roaaaa,  d'Orb.,    . 

gWmlarit,  .rorb., 

,,          orfticBiarf»(Teri|.). 

dOrb 

TTuncat,ili,<a    lobatula    (W. 
aodG.),     . 

^nomaiino  armni-Miwu  (d'Orb. 

(d'Orb.).  \ 

f&Miw  (d'Orb.).   . 

aur>ci<2a(F.>iidM.) 
lioMiabeKa.riil.Unn.),        . 
Oypdna  iiiAomiu  (Schultie). 

„        (ur?Wo(Will.),     . 
„        rtiHtftra,  d'Orh.,  . 
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The  followicg  notes  refer  to  species  mentioned  in  the 
accompanying  table,  which  present  points  of  interest : — 

Spvroloculina  limbata. — Only  one  perfect  specimen  was 
found  in  Sounding  No.  4,  and  a  few  fragmentary  specimens 
in  Soundings  N^os.  2  and  3.  So  far  as  I  am  aware,  it  has 
never  been  found  in  this  locality  before. 

AMtrorhiat  armaria. — This  interesting  arenaceous  Rhizopod 
was  taken  in  considerable  numbers,  chiefly  in  a  fragmentary 
state,  in  the  deposit  obtained  from  Sounding  No.  11,  and 
attached  to  swabs.  It  has  never  before  been  taken  in  this 
locally,  or  in  such  shallow  water.  Its  nearest  known 
habitat  to  the  Scottish  coast  is  the  Faroe  Channel,  where  it 
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wan  Uk«D  by  the  oatonluts  on  boud  the  '  Kni^t  fimit* 

in  530  to  650  fatbonu. 

Textvlaria  turria,  d'Orb. — Sevenl  dead  speehnens  of  thii 
specieB  were  obtained  in  Soundings  Xoe.  2,  3,  end  6,  new  to 

this  locality. 

lioliviTui  be^riAi,  var.  alata,  Seg. — Sevenl  deed  spedmenB 
were  obtained  from  the  material  got  from  Station  Ifa  4  and 
Sounding  No.  4,  new  to  British  vaten. 

I'lAymorphina  elegantimima,  P.  and  G. — One  specimen  w« 
found  in  tho  material  from  Station  Na  5.  Iliis  interesting 
niKcion,  according  to  Mr  H.  B.  Brady,  is  confined  to  the  INuific 
Ocean;  it  ia  therefore  worthy  of  noto  to  have  fonnd  an 
iitolatcd  specimen  bo  far  from  its  natnral  hamtta. 

Olobigcrina  bvlloides  was  taken  by  the  stuface  nets  often 
oiitHJdu  the  Diatomaceoua  zones,  covered  with  their  delicate 
fl])ine8. 

DitcffrUna  arbicularit  and  D.  globularis  are  also  of  interest, 
Iwinf;  found  olf  the  Shetland  Islands. 

The  principal  object  of  my  accompanying  the  "Energy" 
woA  to  jnveatigato  the  habits  and  food  of  the  herring  and 
whatever  additional  information  I  have  obtained  on  this  sab* 
jcct  will  present  itself  in  the  forgoing  pages.  The  time 
was  so  short,  and  the  difficulties  with  which  I  had  to  contend 
wore  such  as  to  limit  tiie  information  obtained.  The  most 
inipoitaiit  i«)int  brought  out  by  my  cruise  in  the  "  Energy  " 
iH  the  necessity  for  continuous  observations  of  a  similar  kind. 
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animals ;  (3.)  Sounding  and  dredging ;  and  (4.)  the  tempera- 
ture of  the  water  at  intermediate  depths  from  the  surface 
downwards,  all  being  carefully  noted  at  each  station.  If  this 
be  carried  out,  there  ia  no  doubt  that  many  more  spawning- 
grounds  and  favourite  haunts  of  the  herring  will  be  found. 
Finally,  I  here  wish  to  express  my  indebtedness  to  Mr  Murray 
for  granting  me  leave  to  accompany  the  "  Energy ; "  to  Dr 
J.  R  Henderson,  who  gave  me  great  assistance  iu  identifying 
many  of  the  animals  obtained ;  the  Eev.  Dr  A.  M.  N'orman, 
Dp  Francis  Day,  Mr  J,  T.  Cunningham,  Dr  James  Eae,  Rli., 
and  Mr  W.  H.  Shrubsole,  for  the  ready  help  these  gentlemen 
have  given  me ;  also  the  Managers  of  the  Scottish  Sea  Fish- 
ing and  Curing  Company  (Limited),  and  to  Captain  J.  Tulloch 
and  crew  of  the  "  Energy,"  who  were  always  ready  to  give  me 
every  assistance  in  their  power. 


XXXIII.  On  some  New  or  Little-Knovm  Fossil  Lycopods  from, 
the  Carboniferoiis  Formation.  By  KOCERT  KlDSTON, 
Esq.,  F.G.S.     [Plate  XXL] 

(Read  ISth  March  1885.) 
The  following  notes  are  offered  as  a  small  contribution  to 
our  knowledge  of  the  Carboniferous  tlora  of  Britain.  Several 
of  the  specimens  now  about  to  be  described  have  been  known 
to  me  for  a  considerable  length  of  time,  but  various  causes 
have  contributed  to  delay  their  pubh cation. 

1.  Sigillaria  McMuririd,  Kidaton,  n.  sp. 

2.  Sigillaria  coriacea,  Kidston,  n.  sp. 

3.  Sigillaria  Walchii,  Sauveur. 

4.  lApidodendron  PeachU,  Kidston,  n,  sp. 


1.  Sigillaria  McMurtriei,  Kidston,  n.  ap.  (PI.  XXL,  Figs.  3-5). 
Description. — Leaf-cuahion  rhomboidal,  with  the  upper  and 
lower  angles  truncated,  giving  it  a  heingonal  appearance, 
elevated;  from  the  leaf-scar  downwards  runs  a  flattened  area, 
which  bears  a  slightly  raised  medial  line;  surface  of  the 
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cushion  ornamented  with  fine  grannlations  placed  in  irr^^nlar 
lines  and  more  prominent  on  the  lower  part  of  the  cushion. 
Leaf-scar  situated  on  the  upward-directed  elevated  summit  of 
the  cuBhion,  elongated,  rhomboidal;  lateral  angles  prominent 
and  produced,  the  lower  angle  rounded,  the  upper  rounded, 
with  a  slight  sinus.  Vascular  cicatricules  three,  the  two 
lateral  oral  and  directed  outwards,  the  central  transversely 
linear  and  placed  below  the  centre  of  the  lateral  cicatricules. 
Bemarka. — This  species  of  Sigillaria  in  some  of  its  char- 
acters has  a  superficial  resemhlance  to  both  Lepidodendron 
and  LepidopJUoioa. 

Figures  3  and  5  have  very  much  the  appearance  as  if  the 
leaf-scar  were  surrounded  by  a  "Jidd"  as  in  Z^ndodendron; 
but  the  apparent  "field"  is  merely  a  cortical  extension, 
eimUar  to  the  leaf-cushions  in  the  Clathrarian  SigiUarim,  and 
only  difiering  from  the  other  members  of  this  group  of  Sigil- 
laria  in  its  more  highly  developed  condition. 

On  the  lower  part  of  the  cushion  occurs  a  flattened  area, 
which  runs  from  the  lower  rounded  angle  of  the  leaf-scar  to 
the  base  of  the  cushion.  In  the  centre  of  this  band  is  a  very 
gently  raised  line,  &om  each  side  of  which,  at  an  almost 
imperceptible  angle,  slope  the  two  sides  of  this  flattened  area. 
The  surface  of  the  cushion  is  ornamented  with  irregular 
grannlationB,  which  appear  to  be  roughly  arranged  in  lines 
springing  from  its  base. 

The  extent  to  which  the  cushions  are  elevated  is  shown  in 
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the  lateral  cicatriculea.  In  some  cases  the  central  cicatriculo 
appears  to  be  composed  of  two  points  placed  closely  together 
(Fig,  36).  A  form  and  arrangement  of  the  vascular  bundle 
cicatricules  such  as  that  juat  described  occurs  only  in  the 
genua  SigUtaria. 

From  the  epidermal  ornamentation  of  the  cushions  it  is 
also  cleai-  that  the  leaf  was  not  attached  to  any  part  of  its 
surface,  but  to  the  vascular  scar  alone. 

This  last  character  is  of  itaelf  sufficient  to  exclude  the 
plant  from  Lepidodendron  and  restrict  its  relationship  to 
Lepidophiows  or  Sy/iilaria;  but,  as  already  indicated,  the 
vascular  cicatriculea  are  Sigillarian,  and  not  those  of  Lepido- 
phloios.&nA.'m  fact, there  is  here  only  a  Clathrarian  Sigillaria 
with  highly  developed  leaf- cushions, 

Of  the  three  figures  which  I  give  of  this  plant,  Figa,  3  and 
5  must  be  regarded  as  representing  the  typical  form. 

On  all  the  specimens  the  leaf-scar  is  of  the  same  shape, 
but  the  slight  sinus  in  ita  upper  margin  is  sometimes  very 
feebly  developed. 

In  Fig.  3  the  ornamentation  is  more  strongly  marked  on 
the  portion  of  the  leaf-cushion  below  the  leaf-scar  tlian  on 
the  part  above  it;  in  Fig.  5  the  ornamentation  covers  more 
equally  the  whole  surface  of  the  cushion. 

In  Fig.  4,  on  the  other  hand,  the  ornamentation  is  very 
slightly  represented ;  so  little  is  it  shown  that  it  can  scarcely 
be  said  to  be  present.  Althoiigh  on  this  specimen  the  leaf- 
scars  are  larger  and  their  cushions  more  elevated  than  in 
Figs,  3  and  5  (see  Fig.  4a),  it  probably  represents  a  younger 
state  of  the  plant,  which,  when  older,  would  have  the  cushions 
more  drawn  out  as  in  Fig.  6, 

As  Figs.  3,  4,  and  5  are  drawn  of  the  natural  size,  it  is 
scarcely  necessary  to  give  the  measurements  of  the  leaf-scara 
and  their  cushions ;  these  also  vaiy  considerably  with  the 
age  of  the  specimen.  In  all  cases  the  leaf-scar  is  broader 
than  high. 

In  the  decorticated  condition  the  surface  of  the  stem  is 
roughened  by  an  irregular  small  mesh-hke  granulation, 
which  ia  more  or  less  arranged  in  vertical  lines  (Fig,  5,  part 
marked  a). 
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The  only  species  to  which  SiffUlaria  McMurMei  has  any 
resemblance  is  Sigillaria  tuviida,  Euubury,  sp.  {Lcpidodeitr- 
droji  t  lumidum.  Quart.  Journ.  Geol.  Soc,  vol  iiL,  p.  432,  pL 
xxiv.,  fig.  1).  From  this  species  it  differs  in  tlie  form  of 
its  leaf-cushions.  The  surface-oraamentotion  in  SufUlaria 
fumida  also  differs  in  being  "  rather  irregular,  wavy,  longitu- 
dinal strife." 

Bunbury  described  his  plant  as  Lepidodendron  f  iumidum, 
and  Schimper  places  it  in  Lejiidophloios ;  ^  but  I  believe  that 
this  plant  is  also  a  Sigillaria. 

In  his  description  Bunbury  does  not  mention  the  form  of 
the  lateral  cioatricules,  nor  does  his  drawing  show  it  very 
clearly ;  but  be  says  the  centittl  cicatricule  consists  of  "  two 
vascular  points  placed  close  together  and  often  confluent." 

In  some  of  the  leaf-scars  of  Sigillaria  McMurlrici  there  is 
the  same  appearance  in  the  centi'al  vascular  cicatricule  (see 
Fig.  36).  A  similar  structm'e  occurs  in  the  vascular  impres- 
sion of  Sigillaria  Lorwayana,  Dawaon.* 

In  Sigillaria" Moureti,  Zeiller,^  a  somewhat  similar  structure 
of  the  vascular  cicatricule  also  occurs. 

I  have  entered  very  fully  into  the  description  of  SigUlaria 
McMurtriei  to  show  that  it  is  a  true  member  of  the  genus 
Sigillaria ;  and  from  the  great  similarity  of  Lepidodendron  f 
himidmn,  Bunbury,  to  Sigillaria.  McMurtrici  in  all  general 
points,  I  think  there  cannot  remain  any  doubt  as  to  its  also 
being  a  Clathrarian  Sigillai-ia.     Bunbury  himself  espressos 
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take  thia  opportunity  of  exprasaing  my  thanks  to  him  for 
much  valuable  assistance  received  while  examining  the  fossil 
flora  of  the  Eadatock  Coal-field. 

fforizon.  Kadatock  Series  of  the  Upper  Coal-measuves. 

Loctdity.  Tyniug  Pit,  Eadatock,  Somersetshire. 

2.  Su/Ularia  coriacea,  Kidaton,  n.  ap.  (PI.  XXI.,  Fig.  2). 

Description. — Ribs  alternately  widening  and  contracting ; 
leaf-scara  placed  on  the  dilations,  wider  than  high,  with  a 
slight  sinua  on  their  upper  margin  ;  lateral  angles  prominent, 
situated  about  the  centre  of  the  scar,  with  downward-running 
ridgea ;  vascular  cicatriculea  placed  above  the  middle  of  the 
leaf-scar,  the  two  lateral  lunate,  the  central  punctiform. 
Outer  surface  of  the  bark  ornamented  with  a  fine  granula- 
tion. 

Jiemarke. — The  only  specimens  of  this  fine  Sigillaria  with 
which  I  am  acquainted  are  those  in  the  Britiah  Museum, 
which  became  known  to  me  while  preparing  the  "  Catalogue 
of  the  Paleozoic  Plants  "  in  that  collection.  All  the  speci- 
mens represent  a  similar  age  of  the  plant,  and  perhaps  are 
different  pieces  of  one  individual. 

The  ribs  measure  across  the  dilated  portions  22  millini.,  and 
at  the  constrictions  19  millim  The  leaf-scars  are  16  miUini. 
broad  and  12  millim.  high,  and  16  millim.  apart. 

The  whole  surface  of  the  bark  is  ornamented  with  a  fine 
granulation.  On  the  central  portion  of  the  ribs  it  is  more 
strongly  marked  and  the  granulation  slightly  larger  than  on 
the  other  portions  of  their  surface  ;  but  its  presence  is  dis- 
tinctly seen  over  the  whole  area  of  the  ribs. 

The  two  lunate  vascular  impressions  are  3  millim.  long, 
and  the  central  punctiform  cicatricule  is  about  1  millim.  in 
diameter.  Tlie  aiuus  on  the  upper  margin  of  the  leaf-scar, 
though  slight,  is  distinct. 

The  ornamentation  of  the  bark  ia  of  a  aomewhat  similar 
nature  to  that  which  occurs  on  Siyillaria  duacensU,  Boulay,' 
but  much  finer.      From  this  speciea  it  differs  entirely  in  the 

'  BouUy,  "  Le  Wet.  hoilil.  ilu  nonl  An  U  Franco  at  sea  v^R^taim  foMiIoi," 
p.  43,  pi.  ii,  fig.  3.  Thine  de  gSologio  priisentfe  h,  In  Facult*  ilea  Soioncei 
de  C>eu :  Lille,  1870. 
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form  of  the  leaf-scar  and  the  poaition  of  the  vascular  cica- 
tricoleB,  which  are  central  in  S.  duaeinsit,  while  those  of 
SiffUiaria  coriaeea  are  placed  above  the  centre. 

The  specimens,  unfortunately,  do  not  bear  any  note  of  the 
locality  from .  which  they  were  collected ;  but  from  indirect 
evidence  there  is  every  reason  to  believe  that  they  came  from 
the  Newcastle-on-Tyne  Coalfield. 

ThefigoreCFL  XXI.,  Fig.  2)  is  taken  from  a  plaster  cast  of 
an  impression  of  tlie  plant  in  the  British  Museum.  My 
thanks  are  due  to  Dr  H.  Woodward,  F.KS.,  for  permission  to 
describe  this  species. 

Sorizon.  Coal-measures. 

Locality.  (7)  Newcastle-on-Tyne,  Xorthumberland. 

3.  SiffiUaria  WaUkii,  Sauveur  (PL  XXI.,  Fig.  1). 

Stgillaria   WalAii,  Saavsnr,  V^t  foM.  d.  teir.  houU.  da  la  Belgiqne, 

pL  IfiL,  fig.  3  ; '  Boul&y,  Terr,  houil.  dn  nord  de  Fr*QC«  et  iM  v^^t. 

torn.,  p.  13. 

Description. — Ribs  wide,  smooth;  leaf-scars  separated  by 

a  short  interval,  subtriangular,  as  broad  as  high,  the  upper 

angle  obtusely  rounded,  the  lateral  angles  placed  below  the 

centre,  rounded,  but  distinct,  the  lower  margin  indented  by  a 

alight  sinus ;  vascular  cicatrlcules  situated  above  the  centre, 

the  two  lateral  lunate,  the  central  punctifonu.     On  the  ribs 

immediately  above  the  leaf-scar  is  a  slightly  bent  transverse 

furrow.     The  decorticated  stem  is  finely  striated  longitudi- 
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This  example  agrees  in  all  respects  with  the  figure  given  by 
Sauveur  (without  description),  and  that  described  by  Boulay, 
except  that  neither  of  these  authors  notes  the  occurrence  of 
the  trausverae  furrow  above  the  leaf-scar;  but  the  specimenB 
examiueJ  by  these  writers  do  not  appear  to  Imve  been  very 
well  preserved. 

Boulay  mentions,  in  his  description,  that  in  his  fossil  the 
eicatriculea  were  badly  preserved ;  and  from  the  slight  hazi- 
ness which  pervades  Sauveur 'a  figure,  one  is  also  led  to  con- 
clude that  neither  was  it  in  a  very  good  state  of  preservation. 

The  ribs  on  the  Scotch  specimen  ai-e  broader  in  proportion 
to  the  size  of  the  leaf-acara  than  in  the  foreign  e.xainplea ;  but 
this  character  is  evidently  dependent  on  the  age  of  the  plant, 

I  have  obseiTed  in  specimens  of  S'tgiilaria  Icevigata, 
Brongniart,  that,  though  the  ribs  with  age  increaae  much 
in  \vidth,  the  leaf-scars  undergo  little  or  no  enlargement ; 
hence  the  relative  size  of  the  leaf-sear  to  the  width  of  the 
rib  appears  to  be  of  very  little  specific  value.  The  distance 
of  the  leaf-scai-s  apart  is  also  subject  to  much  variation,  even 
on  the  same  specimen. 

Sigillaria  Walchii  appears  to  be  rare  in  Britain.  The 
only  example  I  have  as  yet  seen  was  communicated  to  me 
for  examination  by  Mr  J,  Smith,  Kilwinning,  to  whose 
courtesy  I  am  indebted  for  the  addition  of  this  species  to 
our  Carboniferous  fossil  flora. 

Horizon.  Coal-measures ;  roof  of  turf-coal. 

Jjocality,  Kilwinning,  Ayrshire. 

4.  LepidodcTidron  Peachii,  Kidston,  n.  sp.  (PL  XXI.,  Fig.  C). 
Description. — Leaf-acara  rhomboidal,  the  boundary  lines  of 
the  upper  part  of  the  leaf-scar  convex,  those  of  the  lower  part 
concave,  lateral  angles  prominent.  Vascular  impression 
slightly  above  the  middle,  rhomboidal,  transversely  elougated; 
from  ita  lateral  angles  extends  a  raised  line  to  the  centre  of 
the  lateral  angles  of  the  leaf-scar,  dividing  the  "  field  "  into 
an  upper  and  a  lower  portion.  The  upper  part  of  the  leaf-scar 
is  slightly  more  elevated  than  the  lower  portion,  which  causes 
it  to  rise  above  the  vascular  impression  in  a  hood-Uke  manner. 
Vaacular-bundle  eicatriculea  three,  punctiforra. 
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Hemarka. — The  figure  shows  on  each  side  of  the  main  stem 
the  remains  of  a  small  branch;  these  are  so  much  narrower 
than  the  stem  which  bears  them  that  they  give  the  fossil 
au  appearance  as  if  it  possessed  a  lateral  ramilicatioD,  but 
these  small  branches  are  evidently  the  result  of  an  unequally 
developed  dichotomy.  On  a  specimen  of  this  plant  from 
Newsham  the  same  characteristic  is  exhibited. 

On  none  of  the  few  examples  of  Lepidodendron  Beachii 
which  I  have  seen,  are  the  two  little  oval  depressions  shown, 
which  in  well-preserved  Lepidodendroid  leaf-scars  are  usually 
exhibited,  one  on  each  side  of  the  median  Hue  immediately 
below  the  vascular  impression  ;  but  their  absence  may  be  dae 
to  imperfect  preservation. 

Lepidodendron  PeachU  has  a  slight  resemblance  to  Lepido- 
dendron Rhodeanum,  Sternberg ;  but  in  Lepidodf-ndron  Peacfiii 
the  lateral  angles  are  more  prominent  and  the  upper  extremity 
of  the  acar  much  more  rounded.  The  vascular  impression  is 
also  more  central  and  its  angles  more  prominent. 

The  point,  however,  which  at  once  separates  this  species 
from  Lepidodendron  Ithodennum  is  the  elevation  of  the  upper 
portion  of  the  leaf-scar.  This  is  seen  in  profile  at  Fig.  66. 
This  peculiar  inflation  imparts  to  the  leaf-scar  a  character- 
istic appearance,  which  at  onc«  distinguishes  Lepidodendron 
Peackii  from  any  other  species  of  Lepidodendron  with  which 
I  am  acquainted. 
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Sauveur'a  figure,  which  ia  unaccompanied  by  a  description, 
it  is  quite  impossible  to  identify  the  Scotch  specimen  as  his 
plant. 

Another  example  of  Lcpidodendron  Peachii  from  Newsham, 
Northumberland,  showing  a  younger  branch  on  wliich  the 
leaf-scars  are  smaller  than  on  the  Falkirk  specimen,  has  also 
a  like  similarity  with  Lepidodcndron.  minutum,  but  the  objec- 
tions mentioned  in  regard  to  the  identitication  of  the  Falkirk 
fossil  with  Sauveur's  species  also  apply  to  this. 

The  type  of  /.epidodendron  Andrewm  is  also  fragmentary, 
and  scarcely  affords  autticient  characters  for  a  satisfactory 
comparison.  Leaquereux  says  of  his  species,  that  "  it  is  of 
the  type  of  Lepidodeiidron  VoUcmannianum,"  to  which  group 
LcpidodendroK  Peachii  can  scarcely  be  said  t«  belong. 

The  specimen  which  forms  the  type  of  tliis  species  was 
collected  in  1870  by  Mr  C.  W.  Peach,  who  some  time  ago 
submitted  it  to  me  for  examination;  but  owing  to  the 
difficulty  in  identifying  specimens  of  Lepidodendron  with 
many  of  the  described  species  without  the  opportunity  of 
examining  the  types,  it  has  been  allowed  to  remain  over  till 
the  present  time.  I  have  great  pleasure  in  naming  this 
plant  after  its  discovei-er,  to  whom  I  owe  so  deep  a  debt  of 
gratitude  for  willing  assistance  given  me  in  my  study  of  the 
British  Pala!ozoic  fossil  flora. 

Horizon  and  Localities.  Scotland :  Coal-measures ;  Brick- 
works, Falkirk,  Stirlingshire.  England :  Middle  Coal- 
measures  (low-main  seam) ;  Newsham,  Newcastle-on-Tyne, 
Northumberland. 


Explanation  of  Plate. 

Fig.  1.  Sijpltaria  Walcftii,  Saavuur.  From  the  roof  of  tbe  torf-coa), 
Kilwinning  (unL  size),  la.  Lesf-scar,  enUi'ged  li  dianietura.  lb.  SeuUou 
of  gpvcimeu,  showing  elevatiou  of  ribs.  Original  ia  Ihe  pasaossiou  of 
Mr  J.  Smith,  Kilninning. 

Fig,  2.  Sigillaria  cariacta,  Kidston,  n.  sp.  From  (!)  Newcastle -oD'Tyue. 
Figure  taken  (ram  planter  cast  of  specimen  in  the  collectian  of  the  Britiali 
UuseoDi.    (Nat.  lize.) 

Figs.  3-5.  Bigillaria  MeUnririei,  Kidston,  n.  s]i.  From  Tyning  Pit, 
Kadstock,  Somersetshire  (nat.  size).  3.  Figure  taken  from  [iliuter  irut 
the  nuthor'a  collertiou,    Comoiuniuatedby  Sir  J.  MuMurtrie, 
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Baditock.  ta.  Vertiul  Mction  of  one  of  ths  emliioiu  (a  indicstM  poritiMi 
of  leaf-icar,  b  Ita  lupportiog  cushion),  it.  LekT-tMr,  enlaiged  1^  diuuetei^ 
to  ahow  the  vucalar  cicBtricnUt,  the  central  of  «hich  u  compoMd  of 
two  ooDflaent  doti.  t.  Figure  from  ptMter  cut  of  an  impression  in  the 
coUtction  of  Mr  McMnrtrie.  ia.  Vertical  Mctiou  of  one  of  the  eiuhioDa. 
G.  Fonr  cnihions  with  their  BMOciated  leaf-iean,  from  a  ipecimen  in  the 
antlior'a  collection.  Conununiest«d  b;  Mr  J.  UcUnrtrie.  The  put  marked 
<i  ahow*  the  decorticated  condition.  Ga.  Vertical  aection  of  one  of  the 
cnshiona. 

Fig.  S.  Ltfidadaidrm  Ptaekii,  Kiditton,  n.  ip.  From  the  Brickwoib, 
Falkirk,  Stirlingsbire  (nat  aiie).  Original  iu  the  collection  of  Hr  a  W. 
Poach.  6<i.  Leaf^car,  enlarged  2  diameters,  lib.  Loaf-acar,  ahowu  in  ptofile, 
enlarged  2  diameter*. 


XXXIV.  Note  on  the  Paired  Dorsal  Vessel  of  Certain  Sarlh. 
worms.  By  F.  E.  Beddabd,  Esq.,  M.A.,  F.Z.S.,  Prosector 
to  the  Zoological  Society  of  London.    [Plate  XXII.] 

(Bead  20th  UajrlSSS.} 

Xn  Btadying  the  aQatomy  of  several  new  fonns  of  earth- 
womiB  that  I  have  lately  received  from  Kew  Zealand  by  the 
kindness  of  Professor  T.  J.  Parker,  I  noted  the  fact  that  in  cer- 
tain of  them  the  dorsal  trunk  of  the  vascular  system  is  repre- 
sented hy  two  trunks,  more  or  less  completely  separate  bom 
each  other.  This  fact  is  of  some  interest,  because  it  is  known 
that  the  single  dorsal  vessel  of  Lumbricus  is  repreaented  in 
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sented  in  the  Olv/ocJiwta  Umicolaj  in  later  st^es  of  develop- 
ment these  two  rudiments  get  nearer  together,  and  finally 
coalesce  on  the  dorsal  median  line  of  the  intestine.  Vejdovsky 
has  pointed  out  in  this  paper  that  the  developmental  biatoiy 
of  the  dorsal  vessel  in  Cnodrilus  seems  to  have  some  signi- 
ficance, because  it  is  known  that  the  dorsal  vessel  of  Hermella 
is persisteniUj  double.  The  anatomy  of  this  worm,  especially 
the  circulation,  has  been  described  by  De  Quatrofages*  in  a 
beautifully  illustrated  memoir;  the  dorsal  vessels — together 
homologous  with  the  unpaired  vessel  of  other  genera — retain 
their  distinctness  throughout  the  greater  part  of  the  body, 
though  connected  here  and  there  by  transverse  vessels;  at 
the  junction  of  the  teaophagus  with  the  crop  the  two  trunks 
unite  and  form  a  single  vessel,  which  runs  along  the 
oesophagus  to  the  anterior  end  of  the  body.  De  Quatrefages" 
figures  are  repeated  in  the  illustrated  edition  of  Cuvier'8 
"  Kegne  Animale,"  which  contains  figures  of  the  circulatory 
system  of  other  Polychaetous  Annelids ;  in  several  of  these  the 
dorsal  vessel  resembles  that  of  Hcrmdla  in  being  double  ;  in 
Terehrlla  conchilega  (PL  Ic,  Fig,  1)  the  two  dorsal  trunks  lie 
quite  at  the  sides  of  the  intestine  as  they  do  in  Hermella, 
but  unite  to  form  a  single  vessel  at  the  junction  of  the 
(Bsophagus  with  the  intestine ;  in  Eunice  sanguinea  (PL  let, 
■Fig.  2)  the  dorsal  vessel  is  double,  but  differs  in  that  the  two 
trunks  are  placed  close  together,  apparently  almost  in  contact, 
on  the  doi-sal  side  of  the  intestine ;  on  the  cesopbagns  the  vessel 
is  single.  Dr  Macintosh,  in  his  elaborate  memoir  on  the 
structure  of  Moffflonn,*  and  also  in  a  special  notice  of  the 
vascular  system  of  the  same  Annelid  published  in  a  recent 
volume  of  the  Journal  of  Anatomy,'  has  described  a  dorsal 
vessel  which  is  Ibrmed  of  two  distinct  and  separate  tubes 
placed  close  together  as  in  Eunice,  oiAy  divided  by  a  narrow 
septum  :  in  the  anterior  part  of  the  body,  as  in  all  the  other 
genera  referred  to,  the  two  trunks  unite.  In  the  cases  just 
mentioned,  it  is  interesting  to  note  that  in  the  "  Sedentary  " 
Annelids,   the  two  dorsal  vessels  resemble  the  two  ner\'e 

'  Ann.  Sd.  Nat.,  s.-r,  3,  t.  x.,  pi.  ii,.  da.  I. 
»  Zdtsclir.  r.  iviss.  Zoo!.,  B<1,  xxxi. 
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trunks  in  being  widely  separated ;  in  Huiiiee  and  MoffdoM 
the  tvo  halves  of  the  nerve  cord  as  well  as  the  two  donal 
vessels  are  close  together. 

The  fact  of  the  development  of  the  dorsal  vessel  of  Criih 
drilua  and  Lumbricus  from  two  tubes  gains  additional  signi- 
ficance from  a  comparison  with  other  groups  of  the  animal 
kingdom.  Claus  has  recorded  that  the  heart  of  Apua  arises 
from  two  lateral  rudiments ;  and  in  QtopKUus  Metchnikoff' 
has  stated  that  Uie  heart  originates  in  a  similar  fashion;  there 
can  be  but  little  doubt  that  the  heart  in  the  Arthnpoda, 
together  with  its  anterior  and  posterior  aorta,  is  equivalent 
to  the  dorsal  trunk  of  the  vascular  system  of  worms.  With- 
out giving  a  complete  list  of  those  Arthropoda  in  which  the 
heart  has  a  similar  origin,  it  is  worth  while  to  refer  to  an 
aoconnt  by  Dr  Jaworovsky*  of  the  development  of  the  heart 
in  ChxTonomus;  in  this  insect  the  heart  appears  to  arise  fram 
two  separate  rudiments,  which  finally  coalesce,  bat  retain  a 
remarkable  physiological  independence,  the  one  from  the 
other,  which  expresses  the  morphological  distinctness  of  the 
two  sides  of  the  heart;  the  contraction  of  the  heart  has  been 
shown  by  Jaworovsky  to  be  carried  oat  independently  of 
each  other  by  each  of  its  two  sides,  so  that  altboogh  the 
organ  is  in  the  adult  only  a  single  cavity,  it  bears  unmis- 
takable traces  of  having  originated  from  a  paired  vessel; 
such  a  physiological  demonstration  of  a  morphological  &ct 
is  ui   tbu  hiijliest  interest.     If  tlie  uld  idea  ol'  Geotfroy  St 
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in  mammals,  birds,  and  Teleosteans  is  paired,  and  there  is 
therefore  a  further  similarity  with  the  dorsal  vessel  of  Luni- 
briais.  Balfour,  however,  in  his  "  Comparative  Embryologj',"  is 
disinclined  to  admit  that  the  origin  of  the  vertebrate  heai"t 
as  a  double  tube  has  any  phylogenetic  significance  ;  he  gives 
reasons  for  believing  "  that  the  formation  of  the  heart  as  two 
cavities  is  a  secondary  mode  of  development,  which  has  been 
brought  about  by  variations  in  the  period  of  the  closing  in 
of  the  wall  of  the  throat."  Quite  recently  this  statement  of 
opinion  lias  been  controverted  by  Schimkewitzseh,^  wlio 
declares  that  the  origin  of  the  vertebrate  heart  from  two 
rudiments  is  a  primitive  mode  of  development, 

I  am  unacquainted  with  any  instance  of  a  double  dorsal 
vessel  in  the  Oligochata  Urn  ieola,  but  it  is  characteristic  of 
many  earthworms.  Two  years  ago  I  described  in  the  Tran- 
sactions *  of  the  Royal  Society  of  Edinburgh  the  anatomy  of  an 
earthworm  which  at  that  time  was  believed  to  be  a  new  genus, 
but  which  has  since  turned  out  to  be  identical  with  Temple- 
ton's  Megaseolex  aenUeu-s ;  ^  in  that  earthworm  the  dorsal  vessel 
has  retained  to  a  certain  extent  the  embryonic  character ; 
instead  of  being  a  single  tube  passing  from  end  to  end  of  the 
body  as  in  Ljtmbricus,  the  anterior  portion  of  the  dorsal 
vessel  is  partially  divided  into  two  separate  tubes ;  this 
occurs  in  five  of  the  anterior  segments  (apparently  4-8  in- 
clusive) ;  the  two  halves  of  the  dorsal  vessel  are  not  entirely 
separate  from  each  other,  but  reunite  at  the  point  where  Uie 
vessel  traverses  the  mesenteries  which  are  interposed  between 
the  several  segments ;  behind  the  eighth  segment  the  dorsal 
vessel  becomes  a  single  trunk,  and  is  continued  without  any 
alteration  in  its  character  to  the  posterior  extreme  of  the  body. 

So  far  as  I  am  aware  Megaseolex  is  the  only  genus  of  earth- 
worms in  which  this  conditJon  of  the  dorsal  vessel  has  been 
recorded.  I  take  this  opportunity  of  bringing  together  a  few 
other  instances  in  which  I  have  recently  noticed  a  similar 
state  of  affairs. 

In  a  lai^e  earthworm  from  Natal,  belonging  to  quite  another 
genus  {Miffrockaeta),  and  differing  in  many  essential  characters 

'  Zool.  Anzdg.,  No.  ISA  (1886),  p.  40.  '  Vol.  xjx.,  pt,  «.,  p.  181. 

3  Auu.  and  Uag.  Nnt.  Hist.,  May  ISSl,  \:  308. 
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fr'>in  M'_ytn-!£r,  the  pecnlur  disposition  of  the  dorsal  vessel 
was  aim»t  «xact]T  repeated ;  in  five  of  the  mnterior  aagiaali 
of  tbe  ti»iT  ihe  d-;-nal  TeKcl  is  sepa>«ted  into  two  distiixt 
tubes,  which  lie  widtlr  apart  io  the  cavity  of  the  segments 
which  ther  occQpr,  bat  reunite  before  perforating  the 
nietsen:«ne5 :  the  tnnsvene  tranb  or  ~  hearts.**  as  they  han 
been  termed,  which  unite  the  d<H«al  with  the  ventral  blood 
vessel,  arise  in  ererr  c«se  from  the  nnpaired  pmtion  of  tlie 
dorsal  vessel,  close  to  the  posterior  mesentery  of  their  »e^ 
ment;  after  the  t«nth  segment  tbe  doraal  vessel  beeomee 
single:  Th«  accompanving  figure  will  illasfa«te  this  point 
{Vi  XXll.,Fi^.  i;.  Inboththese  instances  cited  itisonljtbe 
most  anterior  section  of  the  dorsal  vessel  which  has  retained 
its  original  paired  condition.  This,  however,  is  not  always 
tbe  case;  there  are  other  earthworms  which  retain  moch 
more  completely  than  either  of  these  two,  the  original  paired 
dorsal  vessel  The  collection  of  earthworms  from  New 
Zealand  already  referred  to  prove  to  belong  to  three  distinct 
species,  probably  referable  to  Terrier's  genus  AeantAodrilta ;* 
in  two  of  these  th<  dorsal  natl  u/tfrmed  of  two  leparate  tuhtt, 
whkh  run  dotf  togtthtr  from  tnd  to  €nd  of  the  body,  odIv 
uniting  upon  tbe  pharynx. 

There  is  some  difference  in  detail:  in  one  species  the 
structure  of  the  dorsal  vessel  in  the  anterior  region  of  the 
body  is  precisely  similar  to  that  which  has  been  already 
described  in  Megaseoltc;  the  two  vessels  unite  at  the  point 
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In  the  third  species,  which  is  very  different  in  its  anato- 
mical as  well  as  external  characters  from  either  of  the  two 
described  above,  the  dorsal  vessel  was  still  more  completely 
separated  into  two  distinct  tubes ;  these  only  united  together 
to  form  a  single  trunk  upon  the  gizzard,  which  in  this  as  in 
so  many  other  enrthworms  is  situated  close  behind  the 
pharynx,  and  not  at  the  junction  of  the  ojsoph^^us  with  the 
crop  as  is  the  case  with  Lumhriciis.  The  two  dorsal  vessels 
appeared  to  pass  to  the  posterior  extreme  of  the  body  with- 
out being  connected  by  any  anastomoses  or  transverse  vessels ; 
in  traversing  the  mesenteries  they  also  retained  their  dis- 
tinctness, and  were  not  fused  together  at  these  points  as  in 
the  last- mentioned  species.  In  this  earthworm,  therefore, 
the  dorsal  vessel  retains  its  (presumably)  embryonic  cliaracter 
much  more  completely  than  in  any  of  the  other  three  species 
to  which  I  have  referred  above.  I  should  add  that,  in  every 
case,  the  results  recorded  do  not  depend  upon  the  dissection 
of  a  single  individual,  but  upon  two  or  more ;  they  are  not, 
therefore,  likely  to  be  abnormal. 

The  above  described  facts  are  iUustrated  in  the  two  drawings 
which  I  exhibit  (PI.  XXII.,  Figs.  2,  3).  Fig.  2  is  a  sketch  of 
the  circulatory  system  in  the  anterior  part  of  the  body,  from 
which  the  lateral  trunks  as  well  as  the  peripheral  circulation 
generally  has  been  omitted  in  order  to  avoid  undue  compli- 
cation. I  may,  however,  take  the  opportunity  of  calling 
attention  to  some  other  facts  in  the  circulatory  system  of 
Acanthodrilm,  of  which  there  are  no  published  descriptions. 
The  dorsal  vessel  is  connected  directly  with  the  ventral 
vessel  by  eight  pairs  of  transverse  trunks,  of  which  the  five 
anterior  spring  from  the  dorsal  vessel  itself;  the  tliree 
posterior  pairs,  wliich  are  considerably  larger  and  stouter  than 
the  anterior,  spring  not  from  the  dorsal  vessel  itself  but  from 
a  small  trunk  which  lies  beneath  it  and  immediately  upon 
the  intestine ;  this  vessel  has  been  termed  by  Perrier  the 
supra-intestinal,  and  its  connection  with  the  posterior  "  hearts" 
has  been  recorded  to  exist  in  many  other  genera  of  earth- 
worms ; '  in  the  second  species  of  AeanUwdrilus  to  which  I 
have  referred  in  the  present  paper,  the  arrangement  of  the 
'  Artli.  ill!  ZuoL  Eip.,  t.  iii.,  t.  ix, 
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aupra-iDtestiaal  vessel  aad  lateral  hearts  is  practically 
identical  with  tliat  just  described,  except  that  the  two  halves 
of  the  dotsal  vessel  do  itot  unite  together  at  the  point  where 
they  traverse  the  mesenteries.  Fig.  3  represents  a  small 
portion  of  the  intestine,  together  with  the  dorsal  vessels  and 
the  printdpal  branches,  of  which  there  are  two  pairs  in  each 
segment ;  one  pair  is  given  o£f  close  to  the  mesentery,  and  is 
concerned  with  its  blood  supply,  while  the  other  exclnaively 
supplies  the  iotestinal  walls. 

Fig.  1  is  an  illustration  of  the  principal  b-onks  of  the 
vascular  system  in  Uicrochata,  and  it  will  be  observed  that 
in  this  earthworm  as  in  Lumbricus  all  the  hearts  are  given 
off  directly  from  the  dorsal  vessel 

Explanation  of  Plate. 

d—  Donal  viMsl. 

D=  Ventral  vetML 

^ii.=8upn-intestiiul  vesseL 

A=Heart 

m=HeMDter]r. 
Fig.  1.  Circulatory  ajitem  of  Mtenehmla  in  ftnterioi  part  of  body. 
Fig.  2.  CircttlatoTf  afst«mof  .^cantAorfriJiu,  ap. 

Fig.  3.  AimaH'portioiiof  theiatestineof  a  aecontlapedeaot  AeanUmdriltu, 
ahowing  the  cotuplelelj  doable  donal  veuel. 
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of  Its  birds,  the  object  of  the  visit  being  solely  to  make  the 
acquaintance  of  the  shearwaters  on  their  breeding  grounds, 
and  to  them,  therefore,  the  greater  part  of  the  short  time  at 
my  disposal  was  devoted.  A  note  was  carefully  taken, 
however,  of  every  species  I  chanced  to  come  aci-oas,  and  on 
showing  these  memoranda  to  our  Secretary  on  my  return,  he 
waa  good  enough  to  suggest  that  they  might  be  of  interest 
to  the  Fellows  of  the  Society.  Had  I  thought  when  at  Eigg 
of  making  such  a  communication,  I  would  have  endeavoured 
to  explore  more  thoroughly  certain  parts  of  the  island  to 
which  I  gave  but  a  cursoiy  glance,  such,  for  instance,  as  the 
grounds  and  plantations  around  Professor  Macpherson'e 
residence,  where  not  a  few  interesting  wootlland  species 
would  doubtless  have  been  met  with.  Through  the  kind- 
ness, however,  of  Mr  J.  J.  Dalgleish  of  Gleuborrodale  Castle, 
Ardnamurchan ;  Mr  Robert  Gray,  tlie  Society's  Secretary ; 
and  Mr  G.  Seott,  Professor  Macpherson'a  manager  on  the 
island, — to  all  of  whom  I  take  this  opportunity  of  conveying 
my  best  thanks, — I  am  enabled  to  include  in  the  list  the 
species  likely  to  have  been  overlooked,  and  doubtless  many 
others  also,  as  well  as  to  submit  corroborative  evidence  of  a 
large  part  of  my  own  observations.  Tlie  sources  of  informa- 
tion to  which  I  refer  are : — 

1.  Kxtracts  in  the  possession  of  Mr  Gray  from  Journal 

kept  by  Dr  A.  C.  Stark,  Eastbourne,  Sussex,  who 
lauded  on  the  island  in  April  1879. 

2.  MS.  list  by  Mr  J.  J.  Dalgleish  of  the  birds  observed  by 

him  on  the  island  in  the  end  of  May  and  beginning 
of  June  1879. 

3.  Supplementary  list  sent  to  Mr  Dalgleish  in  January 

1880  by  Mr  A,  F,  Joass,  Contractor,  Dingwall 
(brother  of  the  Rev,  Dr  Joass  of  Golspie),  of  species 
not  in  No.  2,  which  he  had  observed  in  the  course  of 
frequent  visits  to  the  island  during  the  live  years 
1875-79. 

4.  Conimunicatious,  both  verbal  and  by  letter,  to  myself 

from  Mr  Scott,  Professor  Macpherson's  manager. 

Of  published  material  there  is  not  much  to  refer  to.     A 

(jimiut  reference  to  the  solan  goose  in  Dean  Munro's  account 
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12.  T^rdut  merula  (Blackbiid). — Although  I  only  saw 
one,  I  believe  the  blackbird  ia  not  uncommon.  It  is  included 
in  Joass'  li^t, 

13.  Turdua  torquaius  (King  Ouzel). — Several  were  seen; 
evidently  breeds  in  the  vicinity  of  the  Scuir  and  elsewhere. 
Observed  also  by  Dr  Stark. 

14.  Aecenior  modularia  (Hedge  Sparrow). — ^A  few  seen.  I 
found  a  nest  containing  two  fresh  e^  in  a  bush  of  heather 
overhanging  the  bank  of  a  small  stream  near  the  inn.  Also 
in  Joass'  list. 

15.  Erithacas  rubeciUa  (Hobia). — Saw  several ;  noticed  also 
by  Mr  Dalgleish  and  the  Itev.  Mr  Macpherson.  The  latter 
states  that  in  1882  a  brood  left  the  nest  on  the  2lst  of 
May. 

16.  Saxieola  rubicola  (Stonechat). — Saw  two  or  three  pairs 
(one  near  the  famous  sounding  sands),  alt  very  solicitous  for 
the  safety  of  their  broods. 

17.  Sateieola  rubetra  (Whinchat). — Appears  to  be  one  of  the 
most  abundant  birds  in  the  island.  I  found  no  less  than  ten 
nests,  all, — except  one  which  was  placed  at  the  side  of  a  stone 
in  a  very  exposed  position, — being  admirably  concealed  in  tufts 
of  rongh  herbage  on  grassy  braes  overgrown  with  brackens,  the 
withered  fronds  of  the  bracken  forming,  in  almost  every 
instance,  a  conspicuous  part  of  the  covering  for  the  nest. 
Seven  of  the  nests  contained  each  six  young  birds,  and  the 

.'  three,  five  young  ones  and  au  addled  etrg.  so  thai 
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locmteUa)  beside  a  amall  marsh  about  two  miles  from  Arasaig, 
on  the  Fort  William  road. 

20.  Sylvia  trochUus  (Willow  Warbler).-^!  observed  one 
or  two  in  a  charming  little  woodland  glen  near  Professor 
Macpherson's  "Cottage,"  where  their  sweet  songs  and  the 
sight  of  primroses  and  bluebell-hyacinths  in  profusion  on 
the  banks,  irresistibly  carried  my  thoughts  from  the  lonely 
island  to  familiar  scenes  in  our  own  immediate  neighbour- 
hood. The  profusion  of  wildflowers,  I  may  remark  in  pass- 
ing, can  hardly  fail  to  attract  the  attention  of  a.  stranger 
landing  on  the  island.  The  willow  wren  is  also  mentioned 
in  Dalgleiah's  list. 

21.  Hegidus  cristatus  (Golden- crested  Wren). — This  tiny 
bird  is  included  in  Joass'  list.  The  Eev.  Mr  Macpherson 
states  that  he  found  a  nest  of  the  golden-crested  wren  on 
2lBt  May  1882,  and  that  one  was  found  by  Mr  Joass  in  1881 
(vide  Zoologist  for  1882,  p.  420). 

22.  Pants  cwrulem  (Blue  Tit), — Included  in  Joass'  list. 
This  is  the  only  record  I  have  of  the  blue  tit  having  been 
observed  in  the  island. 

23.  Parus  mudatus  (Long-tailed  Tit), — Mr  Joasa'  list  ia 
the  sole  authority  I  have  for  this  species  also. 

24.  MotacUla  YanxUii  (Pied  Wagtail). — Dr  Stark  mentions 
having  seen  pied  wagtails,  and  remarks  that  they  were  "light 
in  colour."  Also  included  in  Joass'  list.  Tliere  is  a  possi- 
bility that  the  bii'ds  Dr  Stark  saw  may  have  been  the  con- 
tinental form  {M.  alhti)  on  migration. 

25.  MotaciUa  boamla  (Grey  Wagtail). — Observed  by  Mr 
Joass,  and  included  in  the  list  he  gave  Mr  Dalgleish,  under 
the  name  of  "yellow"  wagtail.  I  have  communicated  with 
Mr  Joass  on  the  auhject,  and  he  assures  me  the  bird  he  saw 
was  the  grey  wagtail,  not  Kay's. 

26.  AtUkus  prataisis  (Meadow  Pipit). — Seen  in  abundance, 
especially  on  the  moorland  parts  of  the  island.  Young  ones 
(in  nest)  were  seen  by  the  Itev,  Mr  Macpherson  on  22d 
May. 

27.  AiUhus  obseurus  (Rock  Pipit). — 1  observed  a  good  many 
among  rocks  on  the  shore.     Also  mentioned  in  Stark's  notes. 

28.  Alauda    arvaisis    (Skylark). — Common,    their   sweet 
VOL.  vm.  2  K 
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carols  sonnding  all  the  sweeter  when  heard  amidst  tbeae 
island  solitudes. 

29.  Emberiza  mt/tarta  (Corn  Bunting). — Erery  little  patch 
of  croftei^B  com  or  hay  grass  had  its  pair  or  more  perched  on 
the  rude  wall  or  other  slightly  elevated  site,  lazily  repeating 
their  monotonous  notes.  The  com  bunting  is  one  of  the 
most  abundant  and  familiar  birds  throughout  tiie  Hebrides, 
reaching  even  to  the  remotest  islands.  I  remember  Mr 
Harvie-Brown  tellii^  me  when  I  was  about  to  start  in  June 
1882  for  St  Kilda  (where  we  found  it  impossible,  however,  to 
set  foot  owing  to  the  storm  encountered),  that  when  he 
landed  there  a  year  or  two  before,  almost  the  first  lord  be 
noticed  was  the  bunting,  sitting  beside  the  plots  of  com, 
apparently  quite  at  home. 

30.  Smieriza  gehaaidus  (Reed  Bunting). — Seen  in  two 
localities  among  tall  heather  and  willows  in  boggy  spots  near 
the  main  road  across  the  island.  One  pair  had  a  brood  newly 
out  of  the  nest,  and  unable  to  fly. 

31.  Emberiza  cilrinella  (Yellow  Hammer). — Common.  I 
found  a  nest  containing  two  newly  laid  ^gs ;  it  was  built 
among  heather.  Yellow  yites  never  failed  to  make  their 
appearance  when  the  innkeeper's  poultry  were  being  fed. 

32  Fringilla  Calebs  (Chaffinch). — Kot  uncommon.  Several, 
both  old  and  young,  made  their  appearance  when  the  ponltiy 
were  fed.  A  young  bird,  strong  ou  the  wing,  was  observed 
by  the  Kev.  Mr  Macpherson  on  19th  May  1882. 
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records  the  discovevy,  by  himself,  of  a  colony  at  Kilcboan, 
in  the  western  end  of  Ardnaraurchan,  iu  August  1881).  The 
first  authentic  record  of  its  occurrence  in  the  west  of  Scot- 
land appears  to  be  that  in  the  Appendix  to  Gray's  "  Birds  of 
the  West  of  Scotland," — the  locality  being  near  Ardrossan, 
and  the  date  1870;  and  at  the  time  Mr  Dalgleisb  read  his 
paper  (Feb,  1882),  nobody  would  seem  to  have  noticed  it  on 
the  west  coast,  to  the  north  of  the  Clyde,  until  he  discovered  it 
in  Ardnamurchan  as  just  mentioned.  When  I  put  these  notea 
together,  a  week  or  two  ago,  it  had  not,  so  far  as  I  could  find, 
been  recorded  from  any  of  the  Western  Isles ;  and  I  sup- 
posed I  bad  been  the  Bi'St  to  trace  it  tliither.  A  few  days 
since,  however,  my  attention  was  drawn  to  Mr  C.  Dixon's 
interesting  paper,  in  the  Ibis  for  the  present  month,  on  the 
Ornithology  of  St  Kilda,  where  a  pair  were  seen,  and  one  of 
them  shot,  by  tliat  gentleman,  on  the  9th  of  June  last.  They 
breed,  Mr  Dixon  states,  in  the  holes  of  the  rough  stone  walls 
that  enclose  the  fields.  This  interesting  discovery  of  the 
species  in  the  outermost  of  the  Outer  Hebrides,  thus  pre- 
ceded mine  in  the  inner  islands  by  ten  days.  The  late 
Professor  MacGiUivray,  writing  in  1837  (wi'rfe  "History  of 
British  Birds,"  vol,  i.,  p.  350),  remarks  of  tlie  common  house 
sparrow, — "it  is  singular  that  in  the  Outer  Hebrides  it  was, 
until  of  late,  to  be  seen  only  at  Kilbar,  in  the  island  of 
Barray,  where  it  had  made  its  abode  in  a  ruined  church, 
although  now,  according  to  the  minister  of  Stornoway,  a 
few  individuals  have  appeared  in  that  town,  where  they  will 
doubtless  speedily  multiply."  May  not  these  sparrows  on 
the  ruins  of  Kilbar  church  have  been  Passer  Toonlamts,  a 
species  which  MacGillivray  then  confessed  he  had  never  to 
his  knowledge  seen  alive  t  The  prediction  contained  in  the 
closing  words  of  the  above  quotation  has  been  abundantly 
fulfilled,  as  I  can  testify  from  personal  observation.  The 
house  sparrow  does  not,  however,  appear  to  be  a  common 
bird,  even  in  the  inner  islands,  and  though  Mr  Scott 
informed  me  he  was  sure  he  had  seen  it  in  Eigg,^  I  have,  in 
the  absence  of  positive   evidence,  thought  it  advisable  to 


'  Mr  Uacphatsou  iDAinng  tlie  Editor  that  he  roond  a  fuw  |i(ij 
lc  cliflii  in  June  1885,  uloaa  to  a  few  puirs  of  thu  tiou  BiitfioH-. 
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exclude  it  from  the  list.  That  a  marked  extension  of  range 
has  bees  going  on  in  this  country  of  late  years,  in  the  case  of 
the  tree  sparrow  and  several  other  birds,  seems  almost  certain. 
34  Carduelis  clegana  (Goldfinch). — Included  in  Dalgleish's 
list,  on  the  authority  of  Mr  Scott  In  a  letter  to  Mr 
Dalgleish,  dated  Eigg,  26th  Jan.  1880,  Mr  Jobbs  stated  that 
he  had  seen  it  on  the  island  several  times. 

35.  Linota  moiUium  (Mountain  Linnet  or  Twite). — I 
fonnd  this  species  in  tolerable  abundance  all  over  the  island, 
and  anything  but  shy.  They  were  constantly  about  Uie  inn, 
and  I  saw  them  frequently  on  the  hazel  bushes, — which  in 
many  places  abound  on  the  slopes  beneath  the  high  basaltic 
CT^  that  all  but  encircle  the  island, — as  well  as  among  the 
heather. 

36.  Pyrrhvla  vulgaris  (Bullfinch). — Mr  Scott  informs  me 
that  he  has  over  and  over  again,  and  up  to  the  present  time, 
seen  this  bird  among  willow  and  hazel  bushes,  in  a  particular 
glen  near  the  centre  of  the  island.  Another  person  (a 
shepherd)  told  mo  he  also  had  seen  it  there.  I  have  snb- 
mitted  a  coloured  drawing  of  the  Bullfinch  to  Mr  Scott,  and 
be  quite  recognises  it  I  ought  to  say  that,  before  going  to 
Eigg,  Mr  Scott  resided  in  Perthshire,  where  this  species  is 
well  known. 

37.  Stumus  vidgaria  (Starling). — A  few  only  were  seen  by 
me.  Dr  Stark,  however,  states  tliat  it  swarmed  about  the 
cliffs  on  the  Scuir  at  the  time  of  his  visit,  April  1879.     Mr 
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40.  CoTvus  frugiUgus  (Eook). — Mr  Scott  informs  me  that 
rooks  visit  the  island  during  autumn  and  winter^  but  do  not 
breed  there. 

41.  Troglodytes  vulgaris  (Wren). — Common,  the  merry 
song  ever  and  anon  attracting  attention  to  the  sprightly 
little  fellow  perched  on  the  top  of  a  rock  or  a  spray  of 
heather,  from  which  he  pops  down  out  of  sight  immediately 
the  performance  is  over.  I  watched  several  of  the  birds 
canying  good  sized  caterpillars  to  their  young  ones  among  tall 
heather.  The  nest  is  here,  as  elsewhere,  frequently  placed  in 
an  outhouse,  the  same  spot  being  tenanted  year  after  year. 

I  may  here  mention  that  larvee  of  the  common  currant 
moth  {Ahra^xas  grossulariaia)  were  observed  feeding  on 
heather  not  far  from  the  summit  of  the  Scuir. 

42.  CucidiLS  canorus  (Cuckoo). — Common.  Its  well-known 
call  was  among  the  first  sounds  I  heard  on  landing. 

43.  Hinvndo  rustica  (Swallow). — I  did  not  see  any,  but 
was  informed  that  a  pair  usually  frequent  the  steading  at  the 
farm  of  Sandavore.  Mr  Scott  has  also  seen  them  on  the 
island. 

44.  Cypselus  apus  (Common  Swift). — One  was  seen  by  Mr 
Dalgleish  flying  above  the  clifls. 

45.  Caprimvlgus  europostcs  (Nightjar). — Included  in  Joass' 
list.  They  are  abundant  on  the  mainland,  directly  opposite 
^gg-  While  staying  at  Arasaig  I  heard  them  every  even- 
ing. 

46.  Coluniba  palumbus  (Eingdove  or  Wood  Pigeon). — Mr 
Dalgleish  notes  that  a  pair  were  seen  by  Mr  Scott  in  trees  at 
the  Cottage  in  1879,  and  in  a  letter  received  from  Mr 
Scott  to-day  he  informs  me  there  are  a  few  there  still. 

47.  Columba  livia  (Bock  Dovej. — Mr  Dalgleish  saw  one  or 
two  near  the  famous  cave. .  I  saw  only  a  single  bird,  and 
imagined  the  species  might  not  be  numerous  on  the  island. 
Mr  Scott,  however,  writes  me  that  there  are  considerable 
numbers. 

48.  Lagopus  Scoticus  (Red  Grouse). — Not  abundant.  I  saw 
only  a  very  few,  but  it  is  not  the  habit  of  grouse  to  show 
themselves  much  at  that  season  of  the  year. 

49.  Perdix  dnerea  (Common  Partridge). — Mr  Scott  writes 
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m%  that  paitridgea  vere  introduced  about  three  yean  ago, 
but  are  not  numerous  yet 

50.  Charadriua  pluvialU  (Qolden  Plover). — Inclnded  is 
Joass'  list. 

51.  UhaTodriua  hiaticula  (Ringed  Plover). — ^A  few  pain 
were  observed  on  the  stretch  of  sand;  beach  near  the  land- 
ing  place.  Mentioned  also  by  Mi  Joass,  who  knew  of  two 
breeding  places  on  the  island.  Three  biids, "  aoiprinngly 
fearless,"  were  seen  by  the  Rev.  Mr  Macphetson  among  rocka 
near  the  famous  musical  sands. 

52.  Vanellus  criatatuB  (Lapwing). — In  a  letter  to  Hr  Dal- 
gleish,  dated  Eigg,  26th  January  1880,  Mr  Joaaa  says :  "  The 
lapwing,  I  think,  breeds  here,  as  I  have  noticed  it  at  all 
seasons  of  the  year."  It  is  not  mentioned  in  any  of  the 
other  sources  of  information  to  which  I  have  referred,  and  I 
did  not  observe  it  myself. 

53.  ffamatopus  ostToltffia  (Oystercatcher). — A  few  were 
observed  in  the  bay  near  the  landing-place.  Included  also 
in  Mr  Dalgleish's  list;  and  observed  on  the  shore  at  Loig  by 
the  Rev.  Mr  Macpherson.  The  oystercatcher  is  well  known 
to  be  an  abundant  bird  throughout  the  Hebrides  generally. 
Numbers  breed  on  the  islands  off  Aiasaig,  where  I  found 
over  a  dozen  nests  in  a  few  minutes.  In  1882  I  obtained 
three  eggs  from  St  Kilda. 

54.  Ardea  dntrea  (Common  Heron). — Bred  in  Eigg  in 
1882,  as  recorded  by  the  Rev.  Mr    Macpherson  in  the 
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obaerved  on  the  shore  near  the  Cave.  Recorded,  from  the 
island,  in  Gray's  "  Birds  of  the  West  of  Scotland."  Seen 
also  by  Mr  Balgleish. 

58.  Scolopax  iiiaticofa  (Woodcock). — Plentiful  in  hard 
winters.  Mr  Dalgleish  was  informed  by  Mr  Scott,  who  has 
since  repeated  the  statement  to  me,  that  he  had  killed  as 
many  as  sixteen  or  seventeen  in  a  day  in  the  winter  of 
1878-79.  Woodcocks  breed  in  some  numbers  ou  the  main- 
land between  Fort  William  and  Arasaig.  Close  to  the  latter 
place  I  came  upon  a  pair,  which,  from  the  way  they  flew 
around,  uttering  all  the  while  a  curious  cry  resembling  the 
syllables,  croak,  eivak,  croak-oak-a-creel-,  doubtless  had  a  brood 
close  by, 

fi9.  Scolopax  gallinago  (Common  Snipe). — Two  or  three 
were  seen  by  me.  I  had  an  excellent  view  of  one  which, 
in  response  to  an  imitation  of  its  call,  approached  within 
three  yards  of  where  I  was  seated.  Included  also  in  Joass' 
list. 

CO.  Scolopas?  gallinula  (Jack  Snipe). — My  only  authority 
for  recording  this  species  is  Mr  Joass,  in  whose  list  it  is 
included. 

61.  Crex  praicnsia  (Corncrake). — Very  common.  When 
sitting  on  the  garden  waU  at  the  inn,  I  frequently  saw  one 
moving  about  among  the  short  grass  in  the  adjoining  field. 
Each  step  was  accompanied  by  a  forward  motion  of  the  head, 
the  familiar  "  creek,  creek,"  being  at  same  time  uttered, 
A  nest,  which  I  found,  was  placed  amid  a  patch  of  the 
yellow  iris,  and  contained  the  remains  of  eight  eggs  newly 
sucked,  evidently  the  work  of  a  rat 

62.  Ballua  aquaticus  (Water  Rail). — Three  were  killed  in 
the  winter  of  1878-79.  This  information  was  communicated  to 
Mr  Dalgleish  by  Mr  Scott.  Mr  Joass  mentions  in  his  letter 
of  26th  January  1880,  previously  referred  to,  that  he  fre- 
quently saw  them  that  winter. 

G3,  Tador'iia  vulpaitser  (Shelldmke), — Two  or  three  weiB 
seen  flying  along  the  shore,  opposite  the  Cave,  having  come 
from  the  direction  of  Castle  Island,  where,  I  undei-stand, 
they  breed, 

64.  An<u  bosehaa  (Wild  Duck  or  Mallard). — I  saw  a  pair 
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OD  R  hill  loch  behind  the  Scnir,  when  thej  were  i 
breeding.    The  Bev.  Mr  Macphenon  skir  fire  or  six  on  the 

Scutr  locbs  on  23d  May  1882. 

65.  Aiiat  ereeca  (Teal). — Mr  Scott  informed  me  that  he 
had  Been  teal  about  the  island.  In  Gray's  "  Birds  of  the 
West  of  Scotland  "  it  is  stated  to  breed  in  the  neighbonring 
island  of  Rum. 

66.  tiomatcria  luolUmma  (Eider  Duck). — I  learned  from 
Mr  Scott  and  others  that  a  few  pairs  breed,  or  used  to  breed, 
on  the  Castle  Island.  Mr  Joass  infoma  me  he  has  seen  a 
brood  of  ducklings  there.  On  the  small  islands  out  from 
Antsaig  I  put  several  females  off  their  neeta,  and  saw  others 
with  ducklings  following  them.  The  number  of  e^a  in  a 
nest  or  young  in  a  brood  in  no  instance  exceeded  threes  but 

,  this  was  probably  the  result  of  frequent  robbing  of  the  neats. 

67.  Mtrgaa  serrator  (Red-breasted  Merganser). — Mr  Scott 
informs  me  that  three  were  shot  recently,  and  sent  to  a  pro- 
fessional bird-stuffer,  by  whom  they  were  identified.  I 
found  the  species  common  in  the  ue^hbourhood  of  Araaaig, 
and  discovered  a  nest  containing  nine  eggs ;  and  I  believe  I 
saw  a  nier^otiser  flying  close  to  the  shores  of  Eigg. 

68.  Fodieepa,  sp.  ?  (Grebe). — I  found  the  remains  of  a 
grebe  on  the  shore,  but  did  not  make  out  the  species  aatia- 
factorily.  It  was  evidently  one  of  the  middle-sized  apeciea, 
probably  the  Sclavonmn  grebe  {Podieeps  comutus). 

69.  Cdymbua  gladalis  (Great  Northern  Diver). — Not  im- 
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he  obeerved  black  guillemote  off  the  shores  of  Eigg ;  and  the 
Bev.  Mr  Macpherson  states  that  he  saw  two  on  the  Laig 
(west)  side  of  the  island  in  May  1882. 

72.  FnUercula  aretiea  (Pufl&n). — ^A  few  were  seen  as  we 
approached  the  island,  but  I  could  not  discover  that  it  breeds 
there,  the  bird  known  to  the  natives  by  the  name  of  "  puffin  " 
being  the  Manx  shearwater. 

73.  Fhalacrocarax  carbo  (Common  Cormorant).  —  This 
species  is  mentioned  by  Mr  Gray  in  his  ''  Birds  of  the  West 
of  Scotland  "  as  breeding  in  Eigg.  The  *'  cormorant "  is 
included  in  Joass'  list,  and  the  Rev.  .Mr  Macpherson  states 
that  he  counted  six.  It  is  just  possible  some  of  these 
observations  may  refer  to  the  next  species,  which  I  think  is 
allowed  to  be  much  the  commoner  of  the  two  in  the  Hebrides. 

74.  Fhalacrocorax  graculus  (Shag  or  Green  Cormorant). — 
Two  or  three  were  seen  and  perfectly  identified  by  me. 

75.  Stila  bassana  (Solan  goose). — Seen  by  Mr  Joass  and 
included  in  his  list.  The  following  quotation  from  Dean 
Munro's  account  of  his  visit  to  the  Hebrides  between  1540 
and*  1549  is  interesting  as  indicating  that  the  species  once 
nested  in  the  cliffs  of  Eigg : — "  North  from  Elian  Muchd  be 
foure  myles,  lyes  ane  iyle  called  iyle  of  Egga,  foure  myle 
lange  and  twa  myle  braid,  guid  maine  land  with  a  Paroch 
Kirk  in  it  and  maney  Solane  geese."  In  John  Monipennie's 
**  Description  of  Scotland ''  (1612  edition,  p.  240)  it  is  stated 
that  "  In  Egga  are  Solain  Geese." 

76.  Sterna  macrura  (Arctic  Tern). — A  few  terns  were 
observed  flying  about  the  bay  near  the  landing-place :  a  pair 
or  two  seemed  to  be  breeding  on  some  low  skerried^near  the 
shore.  With  the  aid  of  a  strong  field-glass  I  had  a  good  view 
of  some  of  them,  and  felt  sure  they  were  this  species.  The 
Bev.  Mr  Macpherson  came  to  the  same  conclusion  in  1882. 
He  says :  "  On  May  23d  we  felt  fairly  satisfied  that  a  pair  of 
noisy  terns  hovering  about  low  were  to  be  referred  to  S. 
macrura,  though  their  lively  movements  made  it  difficult  to 
scrutinise  their  beaks  as  minutely  as  I  desired  to  do  "  (vide 
Zoologist  for  1882,  p.  420).  Probably  the  common  tern  {S. 
Jltmatilis)  also  frequents  the  fishing  in  the  bay,  as  I  satis- 
factorily identified  both  forms  on  the  islands  off  Arasaig. 
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got ;  but  there  do  not  appear  to  be  laaaj  folks  in  the  islaiid 
now  who  care  to  undertake  the  risk  which  climbiDg  for  it 
on  an  extensive  scale  involves.  One  lad,  however,  informed 
me  that  he  and  a  companion  had  taken  as  many  as  fwty  Ht 
piece  in  one  day  in  1883.  The  young  birds,  which  at  one 
stage  of  their  existence  are  remarkably  fat,  are  [oincipally 
sought  for;  but  the  old  ones  too  are  taken  when  found  in 
the  burrows. 

The  numbers  which  annually  repair  to  the  olifls  of  Eigg 
to  rear  their  young  must  be  very  considerable  indeed. 
Some  time  before  we  reached  the  island,  dozen  after  dozen 
passed  our  boat,  flying  seaward  in  rapid  succession  to  a 
rendezvous  on  the  heaving  waters,  where  they  settled,  form- 
ing  a  dense  flock,  which,  as  it  rose  and  fell,  looked  in  the 
distance  not  unlike  a  mass  of  great  floating  seaweed.  The 
flock  must  have  consisted  of  many  hundreds  of  birds.  A 
similar  gathering,  estimated  at  seven  or  eight  hundred,  many 
of  them  birds  of  the  year,  were  observed  by  Mr  Gray  riding 
on  the  waves  in  the  neighbourhood  of  Eigg  in  August  1877. 
as  recorded  in  the  Society's  Proceedings  for  Session  1877-78 
(voL  iv.,  p.  213). 

The  shearwaters  breed  principally,  if  not  entirely,  in 
burrows,  wherever  sutflcieut  soil  is  found,  high  up  in  t^e 
precipitous  ci-aga  which  rise  above  the  talus  at  a  greater  or 
leas  distance  from  the  shore,  the  rampart  of  black  basalt  sur- 
rounding the  bay  of  Laig  being  as  formerly  a  favourite  resort. 
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more  feet  in  length,  and  wide  enough  to  admit  the  arm  with 
ease,  and  had  all  the  appearance  of  having  been  excavated 
by  rabbits,  of  which  I  saw  a  number.  The  soil  not  being 
deep,  the  burrows  never  penetrated,  in  any  part  of  their 
course,  far  from  the  surface ;  and  though  the  ground  waa 
very  hard,  owing  to  a  more  than  usual  amount  of  dry 
we-ather,  I  managed  with  the  aid  of  my  lingers  and  a  Btout 
'walking-stick  to  dig  up  about  a  dozen  neats,  and  found  four 
eggs  (the  bird  lays  but  one),  two  fresh  and  two  highly  in- 
cubated. All  the  other  burrows  contained  very  young  birds, 
covered  with  a  delightfully  soft  lightish  slate-coloured  down. 
A  few  twigs  of  heather  and  withered  blades  of  grass  were  all 
I  could  find  in  the  way  of  lining  to  the  nests.  One  of  the 
parent  birds,  sometimes  the  female  and  sometimes  the  male, 
was  in  each  burrow. 

The  adults  used  their  bills  freely  when  caught  and  handled, 
hot  I  never  heard  them  utter  any  sound ;  though  the  young 
ones,  when  brought  into  the  light  of  day,  indicated  their 
dislike  to  it  by  a  feeble  cheep.  I  never  saw  the  birds  coming 
to  or  leaving  their  nests ;  this  they  appear  to  do  entirely 
under  cover  of  night,  or  in  the  dusk  of  the  evening  and 
morning ;  and  I  was  sorry  that  a  heavy  fall  of  rain  on  the 
evening  I  had  arranged  to  spend  in  their  haunts  prevented 
me  verifying  this  part  of  their  habits.  The  old  man,  who, 
on  the  occasion  of  my  first  visit  to  the  colony,  acted  as  guide, 
and  directed  my  steps  among  the  cliffs,  insisted  that  it  was 
needless  to  let  the  birds  off  in  the  daytime,  as  they  would 
certainly  be  at  once  attacked  by  gulls  or  other  enemies,  and 
brought  to  an  untimely  end.  Suspecting,  however,  that  his 
fondness  for  them  in  a  cooked  state  had  prevented  him  from 
ever  trying  the  experiment,  I  drew  one  out  of  its  burrow  and 
threw  it  into  the  air,  when  it  instantly  spread  its  wings  and 
sped  seawards  without  hindrance  of  any  kind.  From  the 
mouths  of  a  pair,  which  the  guide  reserved  for  the  pot,  a 
beautiful  green  fluid  exuded, 

82.  Pujinus  major  (Great  Shearwater). — Mr  Gray  in  his 
note  in  the  Society's  Proceedings  for  1 877-78,  already  referred 
to,  states  that  "one  or  two  larger  and  much  darker  birds 
were  observed  in  the  flock  "  (of  P.  anglorum),  which  he  "  took 
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of  the  hole  is  about  9  iocbea.  The  lining,  or  neat  proper,  is 
composed  principally  of  rabbit  fur,  mixed  vitfa  scales  of  tlie 
leaf  buds  of  trees, — mostly  beecb, — and  other  soft  materials. 
T\is  inside  meaaurement  of  the  bottom  of  the  nest  is  little 
if  anything  more  than  an  inch  and  a  quarter  across.  In  it 
lay  five  all  but  fresh  eggs  of  the  usual  titmouse  type.  They 
have,  however,  to  my  eye  a  higher  gloss  than  those  of  the 
other  British  speciea  From  the  eagerness  of  the  lord  to 
return  to  the  nest  each  time  it  was  disturbed,  it  seems  pro- 
bable the  complement  of  eggs  was  complete  or  very  nearly 
sa  I  should  have  pointed  out  that  immediately  below  tlie 
bole  containing  the  nest,  there  is  a  second  chamber,  which 
bad  most  probably  been  abandoned  in  consequence  of  the 
occurrence  of  a  knot  or  other  obstruction  in  the  wood,  and 
operations  recommenced  higher  up  the  stake. 

Though  comparatively  common  in  many  parts  of  England, 
the  Marsh  Tit  appears  to  be  a  decidedly  rare  and  local 
species  in  the  basin  of  the  Forth,  and  Indeed  in  Scotland 
generally,.  Although  convinced  I  have  previously  heard  its 
call-note  in  our  district,  it  was  not  till  my  visit  to  Dunipaoe 
last  May,  that  I  actually  saw  the  bird, — not,  however,  for 
the  first  time  in  my  experience,  as  I  had  already  become 
acquainted  with  it,  to  a  certain  extent,  both  in  Norway  and 
in  Switzerland.  Since  taking  the  nest  at  Dunipace,  I  have 
been  fortunate  enough  to  see  the  bird  in  our  own  coonfy, 
Midlothian.     This  was  on  30tli  August  last,  when  I  had 
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he  gives  ^  full  particulars  of  two  nests,  discovered  by  his 
friend,  Mr  Weir,  in  the  trunks  of  decayed  Scots  firs  in  a 
plantation  near  Bathgate,  in  July  1838.  The  first  was  found 
on  the  22d  of  the  month,  and  contained  five  young  birds;  the 
second  was  found  on  the  28th,  and  contained  five  eggs. 
These  were  the  only  nests  Mr  Weir  had  known  in  the  long 
period  of  14  years.  Since  then  the  species  has  been  reported 
to  breed  in  several  parts  of  Scotland, — and  doubtless  has 
done  so  frequently, — but  I  do  not  think  that  a  really 
undoubted  nest  has  been  recorded,  from  the  valley  of  the 
Forth  at  any  rate,  since  the  two  found  by  Mr  Weir  in  1838, 
till  now. 


XXXVII.  Note  on  the  Contents  of  Two  Bits  of  Clay  from  the 
Mephant  Bed  at  KUmaurs  in  1817.  By  James 
Benkie,  Esq.,  H.M.  Geological  Survey  of  Scotland. 

(Bead  20th  May  1885. ) 

The  two  bits  of  clay,  the  subject  of  this  note,  came  to 
Edinburgh  along  with  half  of  the  elephant  tusk  of  1817. 
They  were  sent  by  Mr  Alex.  Hood,  Surgeon  in  Kilmarnock, 
and  a  note  regarding  them  was  read  by  the  secretary,  Mr 
Patrick  Neill,  which  was  said  ^  to  give  a  "  more  particular 
description  of  the  fossil  tusks  than  a  notice  read  at  the 
meeting  of  June  7th  of  the  same  year."  ^  It  is  added  that  Mr 
Hood  presented  the  part  of  the  tusk  he  sent  in  to  the  Society. 
That ''  more  particular  description  "  seems  not  to  have  been 
published  or  even  preserved,  nor  does  any  further  notice  of 
this  discovery  occur  till  1822,  when  Mr  Bald,  after  describ- 
ing his  discovery  of  the  tusk  of  an  elephant  at  Clifton  Hall, 
referred  to  the  previous  discovery  at  Kilmaurs,  and  gives  the 
following  particulars :  "  The  only  other  instance  I  know  of 
elephants  being  found  in  the  alluvial  cover  in  Scotland  was 
in  the  parish  of  Kilmaurs,  Ayrshire,  near  the  Carmel  Water, 
in  a  property  belonging  to  Lord  Eglinton.    They  were  dis- 

^  Hiat.  Brit  Birds,  ii.,  p.  448. 

'  Wem.  Mem.,  ii.,  p.  525. 

'  See  Weni.  Mem.,  ii.,  p.  662,  June  7,  1817. 

VOL.  vm.  2  F 
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covered  in  the  be^inuing  of  January  1817  by  Mr  Robert 
Brown,  tacksman  of  the  sandstone  quarry  of  GreenliilJ,  while 
romoviug  the  earth  from  the  rock.  At  the  depth  of  17J  feet 
from  the  eurface  he  discovered  two  tusks,  one  of  which 
measured  3  feet  5^  inches  in  length  and  about  13^  inches  is 
circumference.  The  other  waa  similar,  but  so  much  decayed, 
that  it  could  not  be  preserved.  .  .  .  The  tusks  were 
found  lying  in  a  horizontal  position,  with  several  small 
bones  neur  them,  and  it  is  particularly  to  be  remarked  that 
several  marine  shells  were  found  amongst  the  dark  coloured 
earth.  The  tusk,"  Mr  Bald  continues,  "  weighed  20^  lbs. 
English  weight,  and  was  sent  to  the  Earl  of  Eglinton.  It 
was  after«'ards  cut  through  across,  and  ooe  part  of  it  is  to  be 
seen  in  the  saloon  at  EgUnK^n  Castle,  the  other  was  sent  to 
the  College  Maseujn  at  EdinburgL  The  exterior  ia  of  a 
brown  colour  and  very  bard,  but  the  greater  part  of  the 
interior  is  much  decomposed,  has  lost  the  ivory  texture,  and 
though  not  absolutely  soft,  is  similar  in  appearance  to  half 
rotten  wood." ' 

Other  tusks  were  subsequently  found  in  the  same  quany — 
one  which  is  in  the  Museum  of  Anderson's  College,  Glasgow, 
iind  two  which  are  in  the  Uunterian  Museum  of  the  Uni- 
versity of  Glasgow — in  all,  nine  tusks  have  been  found  at 
Eilmaurs,  representing,  as  Dr  Scouler  humorously  remarked 
to  Mr  Geikie,  "  at  least  four  and  a  half  elephants." 

The  detailed  notices  of  all  the  "  finds  "  may  be  found  in 
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clay,  varying  in  thicknesa  from  17  feet  in  1817  to  36  feet,  aa 
proved  by  Dr  Bryce  in  1866,  The  difference  in  thickness 
was  due  to  the  quarry  having  beea  commenced  in  the  slope 
of  a  boulder  clay  hillock,  where  the  clay  was  shallowest,  hut 
which  increased  in  thicknesa  aa  the  quarry  was  carried 
forward.  The  bed  of  clay  and  sand  in  which  the  tusks  lay 
rested  on  a  "  bed  of  gravel  and  rolled  stones,"  as  recorded  in 
the  Ayr  Obsen'cr  newspaper  of  23d  January  1817. 

Having  given  in  these  prefatory  remarks  some  of  the 
dates  and  circumstances  of  the  diacovery  of  the  elephant 
remains  at  Kilmaura,  I  come  now  to  the  incidents  upon 
which  this  note  is  founded.  In  the  year  1878,  the  Council 
of  the  Eoyal  Society  of  Edinburgh,  finding  themselves 
hampered  for  room  to  store  their  hooka,  resolved  to  clear  the 
museum  attached  to  the  library  of  a  large  number  of  speci- 
mens, and  give  them  to  the  Uuiversity  of  Edinburgh  for  the 
use  of  the  Professor  of  Geology,  who  at  that  date  was 
Professor  Archibald  Geikie,  In  looking  over  them,  a  portion 
of  an  elephant's  tusk  was  found  with  a  label  pasted  on  it, 
which  proved  it  to  be  the  half  of  the  tusk  of  1817  referred 
to  in  the  minutes  of  the  Wernerian  Society  of  20th  Decem- 
ber 1817.  Along  with  the  tusk  was  a  small  paper  parcel,  in 
which  were  several  specimens  of  stones  and  clay  and  two 
fragments  of  bones,  and  a  piece  of  paper,  on  which  was 
written  that  they  were  referred  to  in  the  note  accompanying 
the  tusk.  Professor  Geikie  took  the  tusk  and  placed  it  in 
his  class  museum,  where  it  has  remained  ever  since,  being 
used  in  illustrating  his  lectures.  Widle  examining  the  paper 
parcel,  I,  remembering  that  Mr  John  Young  had  washed  a  bit 
of  clay  which  had  been  sent  with  the  tusk  which  had  been 
placed  in  the  Hunterian  Museum,  and  found  in  it  numerous 
seeds  of  water  plants,  suggested,  that  the  two  bits  of  clay  might 
be  washed  with  a  like  result.  This  suggestion  was  not  acted 
upon,  and  the  specimens  wei-e  parcelled  up  again  and  put 
aside  in  the  storeraom  of  the  Geological  Survey.  About  two 
years  ago,  while  searching  for  other  things,  I  came  accident- 
ally upon  the  parcel,  and  having  time  then,  thought  I  might 
try  to  wash  a  small  crumb  of  one  of  the  bits  of  clay.  The 
result  was  satisfactory,  and  I  washed  the  greater  part  of  that 
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bit  and  the  whole  of  the  other.  The  first  bit  I  washed  was 
about  4  inches  square  and  less  than  1  inch  in  thickness. 
The  contents  were  one  valve  of  AatrarU  compressa,  a  few 
valves  of  Leda  pyffmcEa,  and  a  goodly  number  of  PoTaminifeR 
and  Ostracoda.  These  I  mounted  on  slides,  and  sent  the 
Foraminifera  to  Mr  Henry  B.  Brady,  who  at  once  very  kindly 
named  them,  and  the  Ostracoda  to  Mr  David  Robertson,  who 
as  kindly  named  them,  and  to  both  my  warmest  thanks  aie 
due  for  the  trouble  they  have  taken  with  them. 

List  of  Foba.mihi?era,  determined  by  H.  B.  Brast,  Esq., 
F.R.S.,  December  1883. 

UilioUna  ttminuhan,  Linn. 
Olandulina  lectignta,  D'Orb. 
Folymorphiivt  laeUa,  W.  and  J. 
Camidtditta  cnu»a,  D'Orb. 
Trutiealulina  lobatula,  Walker. 


Rotatia  Betearii,  Linn. 

Polytonulla  ttHalo-pioKUUa,    F.   and 


teapha,  F.  and  H. 
orbimlarit,  Bradj, 


In  all  nine  species.  Of  their  character  Mr  Brady  says : 
"  They  are  a  starved  lot  from  shallow  water  depth,  certainly 
not  more  than  100  fathoms — probably  not  more  than  50 
fathoms — aU  more  or  less  arctic" 

List  of  Ostracoda,  determined  by  David  Robertson,  Esq., 
F.L.S.,  January  1884. 
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submitted  them  to  Mr  Bennett  of  Ci'oycion,  who  has  made  a 
special  study  of  the  Pot-araogetons.  Mv  Bennett  reports  one 
kind  to  be  a  Potamogeton,  whose  affinity  is  doubtless  with 
P.  rufescens,  Schrad ;  another  Potamogeton,  whose  affinity  is 
with  P.  Zizii  and  P.  heterophyllus ;  and  also  several  eeeds  of 
Ckara, 

The  other  seeds,  comprising  three  or  four  different  kinds, 
have  not  yet  been  fully  determined.  Mr  Kideton  says  "  that 
some  of  them  certainly  are  those  of  the  water  Ranunculus, 
and  others  may  be  tlie  fruit  of  Carex  and  Polygonum.  There 
were  also  many  fragmenta  of  the  dried  stems  of  thread-like 
plants  whose  character  could  not  be  made  out.  Nearly  the 
whole  body  of  a  very  small  beetle  and  two  fragments  of 
another  turned  up  in  the  seedy  clay.  Several  other  organ- 
isms, small,  cylindrical,  and  coco  on- like,  also  occurred." 

Such  are  the  contents  of  these  two  bits  of  clay  so  far  aa 
yet  determined.  One  speaks  of  the  sea  and  the  other  of  the 
land,  and  both  of  a  time  when  the  cattle  of  Ayrshire  were 
the  reindeer  and  the  mammoth,  and  the  valley  of  the  Carmel 
Water  was  the  haunt  of  the  walrus  and  the  whale — larger 
mammals,  no  doubt,  but  not  to  be  preferred  either  in  beauty 
or  utility  to  the  small  variegated  kye  which  are  now  the 
pride  and  glory  of  Ayrshire.* 

The  Position  and  Age  of  the.  Elephant  Bed  at  KUmaars. 
This  is  rather  a  vexed  question,  and  I  refer  to  it  princi- 
pally to  correct  one  or  two  erroneous  statements  regarding  it, 
Mr  Bald,  whose  record  was  written  in  1821,  only  four  years 
after  the  finding  of  the  first  tusk,  and   which  is  the  best 

'  The  specimeM  reforrod  to  in  the  notice  read  at  the  Wemerian  Societj, 
Deo.  20,  1S17,  were  exhibited  to  tbo  Bojat  Physical  Society  when  thid  note 
waa  read.  They  con  aisted  of  (1.)  portion  of  the  leg  bone  of  probably  a  door; 
(2.)  fragment  ofbonp;  (3.)  renminder  of  marine  clay  not  washed  ;  (4.)Medy 
clny,  as  it  waa  all  washed  only  the  seeds  were  exhibited  ;  (G.  ]  clay,  probably 
boulder-clay;  (8.)  portion  of  oast  in  sandstone  of  a  carboniferottsplniit ;  (7.) 
two  frngments  of  limestone  with  striated  aurfacn  ;  (B.)  piece  of  sandstone, 
probably  the  rock  quarried ;  also  two  fragments  of  coal  mid  one  piece  of 
pyri tons  sandstone.  The  original  numbers  were  atill  on  the  specimens  except 
No.  *,  The  fragments  of  coal  and  pyritoua  gaDiistone  seem  never  to  hiTe 
been  unmbered. 
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aocoant  yet  given  of  the  tusk  of  1817,  was  of  opinion  that  it 
was  not  foand  like  the  tusk  of  Cliftoa  Hall  in  the  boulder- 
clay,  which  ho  designated  the  old  alluvial  cover,  hot  in  the 
recent  alluvial  cover,  which  he  considered  proved  by  the 
marine  shells  found  with  it.  Dr  Scouler,  who  furnished  the 
particulars  regarding  the  Kilmaurs  elephants,  published  by 
Mr  Smith  of  Jordanhill  in  the  "Wemerian  Memoirs"  in 
1838,  judging  from  what  he  found  himself — "  a  molar  tooth 
on  the  clay  heaps  " — concluded  that  the  remains  were  really 
in  the  boulder-clay.  Dr  Bryce,  however,  in  1866,  by  opening 
the  quarry  again  of  set  purpose,  found  that  the  elephant 
remains  were  actually  got  in  beds  under  16  feet  of  real 
boulder-clay  and  20  feet  of  what  he  called  upper  drifts,  and 
of  course  concluded  that  their  age  and  position  was  pre- 
glacial.  The  same  opinion  was  adopted  by  Messrs  Young 
and  Craig  in  their  elaborate  "  Notes  on  the  occurrence  of 
beds  of  fresh-water  plants  and  arctic  shells,  along  with  the 
remains  of  the  mammoth  and  reindeer  in  beds  under  the 
boulder-clay,"*  in  which  in  great  detail  is  given  their  dis- 
covery of  the  peat  bed  and  arctic  shell  bed  in  numerous  pit 
sections  in  and  around  Kilmaurs,  with  lists  of  the  seeds  and 
shells  found  in  them.  From  the  evidence  gained  by  their 
discoveries,  beyond  what  was  formerly  known,  they  ooncladed 
"  that  it  tended  to  estahlish  in  a  clear  manner  the  existence 
of  two  sets  of  strata  of  different  origin  and  age  under  the 
boulder-clay  of  the  Carmcl  valk'V  at  Kiliiiaura— the  lower 
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nation  of  the  numerouB  bores  and  pit  sections  which  have 
been  made  in  the  courae  of  mining  operations  in  the  Kil- 
maurs district,  which  showed  that  tlie  boulder-clay  there 
contains  interstmtified  beds  of  sand,  gravel,  and  clay.  Where 
the  level  of  the  surface  of  the  solid  rocks  rises  towards  the 
surface  of  the  ground  the  intercalated  strata  of  sand  die  off 
against  the  slope  until  the  rocks  come  to  be  covered  directly 
by  the  overlying  boulder-clay.  Where,  on  the  other  hand, 
the  level  of  the  rocks  sinks,  as  it  does  southward  and  west- 
ward, it  passes  beneath  the  horizon  of  the  sand  beds,  and  a 
lower  boulder-clay  makes  its  appearance  under  these  beds. 
There  cannot  be  any  doubt  that  the  strata  containing  the 
organic  remains  were  formed  during  the  deposition  of  the 
bouIder-cIay  which  lies  beneath  and  above  them,  and  that 
the  cause  of  their  sometimes  being  found  to  rest  on  the  solid 
rock  without  a  lower  mass  of  boulder-clay  is  due  to  the 
irregularity  of  the  surface  on  which  the  whole  of  these  drift 
deposits  were  laid  down. 

"The  peaty  matter  and  the  bones  of  the  mammoth  and 
rein-deer  found  at  Kilmaurs  are  thus,"  it  is  concluded, 
"strictly  parallel  to  those  found  in  similar  condition  at 
Airdrie.  They  probably  indicate  the  passing  of  what  have 
been  called  interglacial  warm  periods  or  seasons,  when  the 
covering  of  ice  upon  the  country  had  retired  sufficiently  to 
permit  an  arctic  vegetation  to  spring  up  on  the  land  and 
some  of  the  larger  northern  mammals  to  roam  over  it." 

Messrs  Craig  and  Young  exhibited  at  the  meeting  of  the 
Geological  Society  of  Glasgow  on  12th  January  1882  a 
portion  of  a  tusk  of  the  mammoth  and  a  number  of  arctic 
shells  recently  obtained  by  them  from  the  sinking  of  a  pit 
near  Dreghorn,  nearly  3  miles  from  Kilmaurs.  These  remains 
are  stated  to  have  been  found  on  a  series  of  muddy  sand  beds 
resting  directly  on  the  carboniferous  strata,  at  a  depth  of 
nearly  90  feet  from  the  surface,  and  underlying  the  lower 
boulder-clay  of  the  district,  and  in  reference  to  the  statement 
just  quoted  from  the  explanation  to  sheet  22  they  say  "  that 
that  fact — namely,  that  the  beds  containing  the  arctic  shells 
and  the  elephant  remains  rested  directly  on  the  carboniferous 
strata  at  Dreghorn — proved  that  the  statement  requires  cor- 
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rectioQ,  for  that  there  waa  no  evidence  whatever  for  it,  but 
rather  directly  against  it,"  and  they  reiterate  their  opinioa 
that  these  deposits  are  of  preglacial  age. 

But  from  a  paper  which  appeared  in  the  Irviru  Serald 
newspaper  of  date  4th  October  1684,  and  evidently  written 
by  Mr  Craig,  it  appears  that  the  statement  that  the  elephant 
beds  rested  directly  on  the  carboniferons  strata  was  founded 
upon  some  misconception  or  mistake,  for  it  is  there  distinctly 
stated  that  below  the  shell  bed  in  which  the  tnak  of  1882  at 
Breghom  was  found  there  "  lies  20  feet  of  aand  and  gnvet 
resting  upon  the  carboniferons  strata ;  and  farther,  in  trying 
to  fix  the  a^e  of  the  beds,"  Mr  Craig  says  "  that  the  physical 
evidence  is  against  the  use  of  the  term  '  preglacial,'  because 
that  in  the  large  accumulation  of  the  sand  and  gravel  beds  that 
lie  between  the  carboniferous  strata  and  the  shell  and  mam- 
moth beds,  boulders  of  West  Highland  rocks  are  ahundant." 
These  are,  he  continues,  "granites,  schists,  clay  slates,  and  other 
rocks  sach  as  are  found  in  the  boulder-clay  that  rests  upon 
the  mammoth  and  shell  beds."  "  These  boulders,"  he  further 
continues,  "are  not  of  large  size,  and  are  apparently  beach- 
worn  ;  still  they  could  only  be  brought  into  their  present  con- 
dition either  through  the  agency  of  drift  or  land  ice."  "These 
erratics,"  he  further  states,  "are  found  from  the  bottom  to 
the  top  of  the  sand  beds,  and  whatever  method  of  transport 
be  adopted,  the  long  period  that  must  have  elapsed  during  the 
accumulation  of  the  boulders  by  whatever  means  is  not 


Mr  W.  E.  Hoyle  on  Loligo  Forbesii,  Steenstrup.      459 

In  conclusion,  I  think  the  suggestion  may  be  hazarded 
that  this  20  feet  of  sand  and  gravel,  full  from  bottom  to  top 
of  West  Highland  blocks,  which  Mr  Craig  clearly  states  lies 
between  the  carboniferous  strata  and  the  mammoth  beds, 
shows  that  the  statement  in  the  explanation  to  sheet  22 
requires  not  correction  but  expansion — and  that  if  in  addition 
to  the  warm  interglacial  season  it  predicates  to  account  for 
the  retirement  of  ice  from  the  land  to  permit  an  arctic 
vegetation  to  grow  on  it,  and  some  of  the  larger  northern 
mammals  to  roam  over  it,  we  must  also  suppose  a  partial 
submergence,  during  which  the  lower  boulder-clay  in  certain 
places  was  by  water  reasserted  into  sand,  gravel,  and  mud, 
and  redeposited  with  its  boulders  water-worn,  as  the  laminated 
beds  so  graphically  described  by  Mr  Craig. 


XXXVIII.  Observations  on  Living  Cephalopoda.  By  WiLUAM 
E.  HoYLB,  Esq.,  M.A.  (Oxon.),  M.RC.S.,  F.R.S.E. 

(Read  20th  May  1885.) 

Abstract. 

The  author  gave  a  very  brief  outline  of  the  organisation 
of  Octopus  and  Loligo,  and  some  account  of  their  general 
behaviour  and  movements  as  observed  in  the  aquarium  at 
Naples. 

Some  details  respecting  the  action  of  the  suckers  in 
Octopus,  and  the  motion  of  the  fins  in  Loligo,  were  also 
added. 


XXXIX.  Note  on  Loligo  Forbesii,  Steenstmp,  the  so-called 
L.  vulgaris  of  our  coasts.  By  William  E.  Hoyle,  Esq., 
M.A.  (Oxon.),  M.RC.S.,  F.RS.K 


(Read  20th  May  1885.) 


I  venture  to  bring  this  communication  before  the  Society 
this  evening,  not  on  the  ground  of  novelty,  but  because  the 
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subject  in  qaestioii  is  of  importance  to  naturalists  in  this 
district,  and  becaase  the  publication  of  this  note  may  lead 
to  the  correction  of  a  mistaken  piece  of  nomenclature  which 
appears  in  many  of  our  maseuma. 

So  long  ago  as  1857  Professor  Steenatrup  recognised  the 
distinctions  between  the  common  species  of  the  North  Sea 
and  that  of  the  Mediterranean,  and  pointed  them  out  in  hia 
classic  treatise  on  the  Hectocotyloa  formation,'  from  which 
I  quote  the  passage  referring  to  this  matter : — 

"Tba  ipeciKc  dutiuctioni  betwMD  LMgo  miigari*,  I^mk.,  mnA  Labft 
Farbtni,  Stp.,  ttn  beat  derived  from  the  roriD  and  ilia  of  tha  rufcMi 
on  tbe  tentacle! :  in  L.  mdgarii  of  the  MediteriBnean,  a»  deacribed  and 
figared  by  D'Orbigny  and  Verany,  uid  alio  io  a  form  of  our  eaaita 
which  maj  c«rtaiDly  be  r^arded  u  li.  m^garU,  these  ara  Terjr  large  in 
the  two  central  rowe  and  verj  email  in  the  Utsnd  nwa,  to  that  a  tiuu' 
vene  eection  of  the  latter  ii  onlj  half  that  of  the  former,  and  their  height 
only  OQe-tbird  ;  whilst  in  L.  Porhetii,  Stp. ,  the  enukeis  of  the  central  row« 
ecarcel;  exceed  thoee  of  tbe  lateial  rom,  either  in  tranireree  lectloa  or  is 
height ;  and,  on  the  whole,  it  apjiean  ae  if  the  club  of  the  tentacle  had  foot 
Mtiee  of  tncken  of  eqnal  eiie.  In  compariaon  with  the  mcken  of  the  arau, 
the  diika  of  the  central  tows  of  the  tentadee  in  Lolige  vtUgari*  are  trom  two  to 
three  times  as  large  as  the  Isrgeet  diake  on  the  third  arm,  whilst  in  L.  Porbetii 
they  are  scarcely  one-third  larger.  The  boniy  ring  in  the  central  row*  of 
Bocken  in  L.  vvlgark  hae  only  one-balf  of  its  circnmference  Snely  toothed, 
whilat  the  other  half  ii  toothless,  or  only  bean  a  group  of  4-G  amall 
blunt  teeth  (in  a  northern  form  theeo  are  indeed  the  only  teeth  on  tbe 
horny  ring) :  in  L.  Forbcsii  the  ring  boare  numerous  pointed  teeth  all 
round,  and  these  are  nsually  larger  and  smaller  alternately.  In  this  species, 
also,  tbe  snckers  oF  the  Utcral  series  have  the  homy  ring  completely  aet  with 
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sold  to  the  line  fishermen  for  bait.  It  is,  I  am  told,  no 
uncommon  thing  for  two  or  three  hundred  to  be  captured 
at  once.  The  autumn  appears  to  be  the  season 'of  the 
greatest  abundance,  but  seeing  that  the  spawn  is  very 
commonly  taken  in  the  spring  also,  it  can  hardly  be  that 
they  approach  our  shores  at  that  period  for  the  purpose  of 
depositing  it 

The  males  are  more  common  than  the  females, — indeed, 
at  the  time  of  writing  the  paper  above  quoted.  Professor 
Steenstrup  had  not  seen  the  latter.  Of  nine  specimens  in 
my  possession,  seven  are  males  and  two  females. 

Whether  the  true  Loligo  vulgaris  occurs  on  the  British 
coast,  I  cannot  say  from  my  own  observation ;  and  owing  to 
the  confusion  which  exists  in  the  nomenclature  of  the  sub- 
ject, it  is  impossible  to  ascertain  from  the  descriptions  of 
others. 

In  conclusion,  I  append  a  synonymy  of  the  species  and  a 
tabular  statement  of  its  differences  from  the  typical  L. 
vulgaris. 

Loligo  Forbesii^  Steenstrup. 

1758.  Loligo ,  Borlase  (?),  Nat.  Hist  Cornwall,  p.  260,  pi.  xxv.,  fig. 

xxvii.,  Oxford.^ 

1853.  „       vulgaris,  Forbes  and  Hanley,  Brit  Moll.,  vol.  iv.,  p.  226, 

voL  L,  pi.  LLL. 

1854.  „       sp.,  Stp.,  Foredrag  om  Somnnken. 

1856.       „      Forbesii,  Stp.,  K.  dansk.  Yid.  Sdsk.  Skr.,  Rk.  5,  Bd.  iy.,  p.  189. 
1858.      „      irMgrui,  Adams,  H.  and  A.,  Gen.  Bee  Moll.,  pL  iv.,  fig.  8. 
1860.      „     Forbesii,  Malm,  Nya  fiskar,  etc.,  Gbtheborg  Handl.,  viiL,  p. 

182. 
1869.      „  ,,       Fischer,  Jonm.  Conch.,  s^r.  8,  t  iz.,  pp.  128-180. 

1869.      ,,      mtlgaris,  Jeffreys,  Brit  Conch.,  voL  v.,  p.  180,  pL  v.,  fig.  2. 
1869.      ,,      Forbesii,  Targioni-Tozzetti,  Comment  Cefalop.   Medit,  BulL 

malacol.  ital.,  ann.  ii,  pp.  88,  35  (sep.  copy). 
1872.      ,,  „       Fischer,  Jonm.  Conch.,  s^r.  8,  t.  zii.,  p.  23. 

1879.      „  „       Tryon,  Man.  Conch.,  yoL  i.,  p.  147. 

EahikU.— Firth,  of  Forth ;  North  Sea  and  coasts  of  Great  Britain ;  Oceanic 
coasts  of  France  ;  Scandinavia. 


^  Gray  (Brit  Mob.  Cat,  p.  70, 1849)  gives  this  reference  as  Loligo  BiseaU, 
p.  226,  bat  indicating  the  same  figure ;  I  give  it  as  I  found  it  in  the  copy 
in  the  Advocates'  Library,  Edinburgh. 
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Loligo  vuJgaria,  Lamk. 

Two  Urg«  and  tiro  snull  roin  of 
mcksn  ail  the  tcnUcIca,  the  fanner 
tuicB  M  Iiroul  aud  three  timei  u 
bigh  ui  thu  latter. 

Largest  teotacular  auckcra  two  to 
three  timea  u  large  m  tbote  of  tbird 
eeuilu  arm. 

Horn;  ring  of  central  row  oriucken 
finely  toothvd  only  in  diatal  UalT,  or 
beara  only  a  f(ruu|i  of  four  or  five 
«liuiU  blunt  tocth.* 

Snckora  of  latcrul  aeriea  hare  high 
jiointcil  teeth  in  the  diittil  bolf,  and 
are  eliKwberg  toathleu,  or  with  very 
amall  teetb. 


Loligo  Forbetii,  Stp. 


Largert  tentacnlu-  ancken  KaRcIjr 
ODfl-tbird  to  one-half  \»iga  thu 
lajgMt  on  third  MiaUe  kim. 

Horn;  ring  of  enitnl  low  of 
Buckera  finely  toothed  all  round,  teeth 
large  and  unAll  altommteljr. 

Sucker*  of  lateral  aeriea  completely 
act  with  teeth  of  aab  •  equal  aize, 
though  aomewbat  amaller  on  the 
jiroiimal  hall 

Cbronut«phorea  nnitad  into  bnad 
banda  of  colour  down  either  aide. 


XL.  Caseous  Tumours  fmind  in  the  MuaeUt  of  the  Sake.    Bj 
G.  Sms  WoodiiejU),  Esq.,  M.D.,  F.E.C.P.ED.      [Plato 

xxni.] 

(Bead  18th  Uarch  1885.) 
Dr  Bams&y  Traquair  has  placed  in  my  haDcU  portions  of 
the  muBcle  of  a  large  bake  which  have  been  fonrarded  to 
him  from  the  North  of  Scotland.    The  following  is  a  noto 
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dark  maas,  which,  shining  through  the  pale  muacle,  renders 
one  point  considerahly  darker  than  the  surroundiug  tissue. 
On  section  through  the  middle  of  this  dark  point,  a  cavity 
half-an-inch  in  diameter  is  found.  This  is  bounded  by  a 
narrow  zone  of  fibrous-looking  tissue,  which  forms  the 
wall  of  the  cavity,  and  intervenes  between  it  and  the 
surrounding  muscular  tissue.  This  zone  is  translucent  and 
grey,  without  a  tinge  of  the  yellow  observed  in  the  muscles. 
Within  tiie  cavity  and  attached,  apparently  only  at  a  single 
point,  is  a  firm  nodular  mass  of  about  the  consistency  of 
beeswax.  It  is  much  browner  than  the  surrounding  tissues, 
and  running  through  it  are  deep  brown  streaks,  almost  like 
old  blood  pigment  stains.  There  is  no  fibrillation  of  tlie 
mass,  which  breaks  down  irregularly,  and  has  no  definite  line 
of  fracture.  In  some  of  the  smaller  pieces  of  muscle,  similar 
cavities  and  nodules  are  seen;  they  are  much  smaller;  the 
nodules  are  not  so  deeply  stained,  are  attached  almost  con- 
tinuously to  the  walla  of  the  cavity,  and  are  not  quite  so 
brittle. 

On  making  a  microscopic  examination  of  the  tissue  which 
lies  outside  the  fibrous-looking  lining  of  the  cavity,  the 
following  appearances  may  be  distinguished.  The  striped 
muscular  fibres  first  attract  one's  attention,  as  they  seem  to 
have  undergone  a  peculiar  vitreous  degeneration  at  irregular 
intervals  along  their  whole  length.  I  say  at  irregular 
intervals,  but  perhaps  it  would  be  better  to  say  that  in  some 
of  the  fibres  the  vitreous  patches  appear  at  regular  intervals 
along  their  course,  whilst  in  others,  the  whole  of  the 
muscular  elements  have  become  transformed  into  this  peculiar 
material. 

Wherever  this  change  has  occurred  the  fibres  are  fractured 
irregularly,  usually  at  right  angles  to  the  longitudinal  axis 
of  the  muscle  (PI.  XXIIl.,  Fig.  2).  Nearer  the  cavity  the 
muscle  fibres  are  also  markedly  atrophied  (Fig.  1,  d,  e); 
they  do  not  measure  more  than  one-fourth  of  the  diameter 
of  the  normal  fibres.  Between  the  atrophied  and  degenerated 
fibres  in  this  position  tliere  ia  an  increase  in  the  quantity 
of  connective  tiaaue,  which  is  made  up  of  small  round  and 
slightly  elongated  cells,  with  a  few  fibrils  and  older  connec- 
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tive  tissue  corpuadee  at  mterrala.  This  miztare  of  atrophied 
muscles  and  young  connective  tissue  is  gradnallj  lost  is 
what  was  above  described  under  the  naked  eje  as  the  "  xone 
of  fibrous-looking  tissue."  This  zone  consists  of  "grannls< 
tion  tissue,"  which  is  compoBed  of  young  conoectiTe  tissue, 
through  which  are  ramifyiug  namerous  embiyonio  blood 
vessels  (Fig.  1,  e).  A  considerable  number  of  these  ore 
in  the  form  of  loops,  the  convexity  of  each  loop  being  tnmed 
towards  the  cavity;  others  run  irregularly  and  in  varioiu 
directions;  and  all  are  distended  with  blood  corpnsclea 
Although  the  vessels  are  relatively  fewer  as  the  cavity  is 
neared,  numerous  blood  corpuscles  ore  found  in  the  cavi^, 
in  some  instances  forming  a  kind  of  lining.  The  large 
free  mass  lying  in  the  centre  or  in  the  cavity  (Fig.  1,  a) 
is  surrounded  by  a  thin  zone  of  young  connective  tissue 
cells,  with  here  and  there  a  few  blood  corpuscles;  but 
blood  vessels  are  not  to  be  seen  in  any  part  of  this  thin 
connective  tissue  layer.  Surrounded  by  this  delicate  outer 
layer  is  a  large  mass  made  up  of  small  vitreons-Iookiog 
patches  with  remaioa  of  muscular  tissue  in  an  advanced 
stage  of  degeneration.  The  individual  fibres  are  enormously 
swollen;  they  have  lost  all  trace  of  striatioo;  irregular 
fracture  has  taken  place ;  and  fissures  are  seen  running  in  all 
directious.  On  staining  with  osmic  acid,  a  few  fat  globules 
are  brought  into  prominence;  but  these  occupy  only  the 
spaces  at  the  margins  of  the  fibres,  and  in  some  cases  the 


Caseous  Tuvwurs  found  in  the  Muscles  of  the  Hake.    465 

found  in  otiier  positions,  &a  in  the  submucous  tissue  of  the 
stoioach,  the  gills,  etc. 

In  the  smaller  masses  above  described,  the  microscopic 
appearances  were  very  similar  to  those  met  with  in  the  larger 
mass,  but  here  the  continuity  between  the  two  zones  of  granu- 
lation tissue  (i.e.,  that  lining  the  cavity  and  that  surrounding 
the  degenerated  muscle  mass.  Fig.  1,  b,  c)  is  unbroken. 

Although  the  tumour  is  described  as  caseous,  it  appears 
that  this  degeneration  of  the  muscle  is  rather  of  the  form 
described  by  Zenker  as  the  waxy  or  vitreous  degeneration, 
one  of  the  forms  of  coagulation  necrosis.  According  to 
Ziegler*  there  is  great  tendency  to  the  loss  of  striatioa  of 
the  coagulated  muscle  elements. under  certain  conditions  in 
the  human  muscle.  He  says,  "Under  various  iniluences," 
..."  as  after  bruising,  forcible  extension,  raising  of  the 
temperature,  or  febrile  disease,  the  muscle  substance  is  here 
and  there  disintegrated,  and  the  contractile  myosin  coagulates 
into  a  lustrous  homogeneous  mass.  This  mass  breaks  up 
into  shining  flaky  lumps."  He  further  says,  "  It  is  hardly 
ever  quite  absent  where  there  has  been  copious  exuda- 
tion." 

After  I  had  made  the  above  observations  I  came  across 
a  most  admirable  description  of  the  changes  found  at  the 
point  of  inoculation  for  Fowl  Cholera.^ 

M.  Comil  describes  a  condition  almost  identical  with 
that  we  have  given  above. 

At  the  point  of  injection  "  the  muscle  has  lost  its  normal 
physical  characters.  In  place  of  being  pale,  white,  or  shghtly 
pink,  semi-transparent  and  of  a  peculiar  elastic  softness,  it  is 
now  grey  and  opaq^ue  with  lardaceous  appearance,  apparently 
dense  and  hard  but  in  reality  quite  friable.  It  may  be 
double  or  even  triple  its  normal  thickness  at  the  part  moat 

1  Text  Book  or  F&tliulogtcDl  Auatumy.  Ziegler.  Truialated  by  D, 
MacAliaMr.     Uacmillan  &  Co.,  Loudon,  1383. 

1  ObaerVBtiona  hutelogiquea  sur  leu  l^ionii  des  miudes  detsnuin^  par 
I'injection  du  microbe  du  cLolcra  dca  poulua,  «ur  le  e^qiieiitre  el  sur  la  poclio 
qui  le  coDtient — A.  V.  Coniit,  Arcti.  de  PbydoL,  t  i.,  1882,  p.  616.  Lbs 
Btct^M  «t  Uur  rfile  dnuH  rAnatoniia  et  I'hiBlologie  I'atliDlogiitaes  des 
liUIulies  iDfocUeuiies — A.  V.  Cocuil,  et  V.  liabes.     Purls,  1S85. 
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aflectod,  especially  in  the  immediate  neighboarLood  of  tlie 
puncture.  ...  In  the  central  mass  of  the  tumour,  this 
grey  infiltration  is  most  marked,  but  the  altered  muscle 
has  still  preserved  its  fasciculated  appearance,  and  it  is  euj 
to  see  with  the  naked  eye,  in  sections  parallel  to  the  loi% 
axis  of  the  fasciculi,  bands  more  opaque  and  yellower,  sepatat- 
ing  tlio  grey  fasciculi.  The  opaque  bands  resulting  from  an 
inflaiuTnation  of  tlie  connective  tissue  situated  between  the 
secondary  muscle  fasciculi,  and  the  grey  fasciculi  are  neither 
more  nor  lass  than  muscular  bundles.  The  lesion  is  least 
marked  at  the  periphery  of  the  tumour,  so  that  the  grey  and 
opaque  bunds  arc  irregularly  separated  by  pink  or  white  and 
semi-transparent  muscular  fibres. 

"  One  sees,  in  fact,  at  the  periphery,  congestion,  and  a  dis- 
tension of  the  vessels  with  blood,  which  is  not  present  at  the 
centre  of  the  tumour."  ..."  Sections  made  of  a  piece 
of  this  tissue  hardened  in  alcohol,  and  examined  unstained, 
present  a  very  characteristic  transverse  'fragmentation'  of 
the  muscles.  Each  of  the  small  fragmeuts  appears  homo- 
geneous, glistening,  transparent;  it  represents  a  trausverse 
disc,  comprising  the  whole  thickness  of  the  primitive 
fasciculus;  and  nil  these  fasciculi  are  divided  into  a  laige 
number  of  broken  fragments  separated  by  obscure  interstices, 
in  which  one  sees  the  irregular  margins  of  contiguous 
fragments.  These  fragments  are  not  usually  thicker  than 
the  primitive  fasciculus  that  they  replace,  though  it  is  not 
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carmine  the  primitive  muscular  fasciculi  "divided  trana- 
versely  into  a  multitude  of  small  fragments.  The  lai^e  bands 
leas  coloured"  (than  the  muscular  fibres)  " represent  the 
connective  tissue  which  sepamtea  the  secondary  bundles,  and 
are  occupied  by  lymph  cells  and  micro-organisms  situated  in 
the  middle  of  a  reticulum  of  fibrin." 

"The  fmgraents  of  muscle  still  possess  at  intervals  their 
transverse  striation.  The  fragmentation  is  due  to  the 
entrance  of  micro-organisms  into  the  sacrolemma  and  to 
atrophy ;  to  consequent  disappearance  at  intervals  of  the 
muscular  substance."  .  .  .  "It  is  not  rare  to  see  in 
longitudinal  sections  of  these  altered  muscles,  primitive 
fasciculi  completely  replaced,  for  a  certain  extent,  by  lymph 
cells  and  microbes,  which  thus  resemble  inflamed  connec- 
tive tissue." 

After  describing  the  arrest  of  the  circulation  in  the  altered 
muscle  by  distension  of  the  capillary  vessels  with  lymph 
cells,  microbes,  and  fibrin,  Cornil  gives  a  most  accurate 
description  of  the  condition  observed  by  me  in  the  muscle 
of  the  fish. 

"Following  these  lesions, the  muscle  altered, as  if  solidified, 
becomes  compact,  lardaceous,  opaque,  is  condemned  in  its 
central  portion  to  a  local  mortification,  the  circulation  going 
on  no  longer,  its  proper  tissue  being  stuffed  with  a  number 
of  organisms  pressed  one  against  the  other,  and  are  unable  to 
find  material  sufficient  for  their  nutrition."  ..."  There 
results  a  'sequestrum,'  a  necrosed  portion  which  has  been 
well  described  to  the  naked  eye  by  Pasteur,  which  is  isolated 
from  the  neighbouring  tissues  in  which  the  circulatiou  has 
still  been  kept  up." 

He  then  goes  on  to  point  out  the  various  stages  through 
which  the  different  parts  of  the  altered  tissues  pass,  and 
at  the  fourteenth  or  sixteenth  day  describes  a  space  which 
surrounds  the  sequestrum.  This  is  partially  filled  with 
droplets  of  fat,  not  adipose  tissue.  Some  of  these  "  adhere  to 
the  margin,  more  or  less  regular,  of  the  sequestrum,  which  ia 
formed  of  the  vitreous  muscular  blocks,  and  by  the  dead 
connective  tissue.  Other  droplets  are  attached  to  the  walla 
of  the  living  tissue."  Within  the  cavity  he  describes  a 
VOL.  VIIL  2  a 
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lining  layer  of  vascular  embTyonic  tiasne,  similar  to  that 
already  mentioned  (Fig.  1  c),  and  at  the  deepest  part  of  tbia 
graiinlation  tissue  layer  altered  muscular  fibres  (Fig.  1  d). 
The  irregular  outline  of  both  sequestnim  and  cavity  are  alao 
observed  in  both  fowl  and  fish. 

In  the  fowl  gradual  absorption  of  the  sequestrum  takes 
place,  when  once  it  becomes  completely  detached  from  the 
surrounding  tissues,  but  this  may  take  several  montlis,  and, 
whilst  this  is  going  on,  "the  fragments  have  become  vei}' 
friable,  tliey  are  readily  broken  down,  and  form  in  part  a 
kind  of  caseous  mi^ia."  ..."  The  older  the  sequestrum, 
the  greater  is  the  tondency  of  the  blocks  to  lose  their  striatioa" 
Following  this  tht^re  is  disintegration,  fatty  degeneration,  and 
gradual  absorption  by  the  granulating  surface. 

Coruil  speaks  of  the  cyst  wall  surrounding  the  seqnestniiu 
as  consisting  essentially  of  granulation  tissue,  and  the  older 
forms  of  organising  tissue.    He  says  tliere  are  three  layers: — 

1.  "An  internal  layer,  continuous  with  the  delrria  ot  the 
sequestrum,  and  in  which  one  finds  giant  cells  of  special 
fonns."  (Tliese  were  nut  present  in  the  specimen  under  oar 
notice.) 

2.  "A  middle  layer  composed  of  large  fusiform  or  blanch- 
ing cells. 

3.  "An  external  layer  formed  of  embrjitnic  connective 
tissue,  which  is  continuous  witli  the  pectoral  muscle.  This 
deep  layer  is  traversed  by  imineroua  blood  v 
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sequestrum,  the  several  layers  of  granulation  tissue,  the 
altered  muscular  fibres  in  the  deeper  layer  of  the  capsule, 
and  the  altered  muscular  fibres  outside,  showing  the  earlier 
changes  in  and  between  the  muscles,  are  all  very  characteristic, 
so  that  although  no  micro-orgaiiiains  are  to  be  distinguished 
at  this  stage,  we  cannot  be  sure  that  they  have  not  been 
present,  in  fact  we  are  almost  compelled  to  arrive  at  an 
opposite  conclusion.  It  must  be  remembered,  however,  that 
physical  characters  here  come  in  to  assist  in  giving  rise  to 
the  appearances  presented.  The  degeneration  of  the  muscle 
fibres  brings  about  a  complete  loss  of  contractile  power 
and  of  elasticity.  The  muscles  surrounding  tliem,  still 
retaining  their  contractility,  draw  upon  the  inelastic  mass, 
and  fracture  takes  place  in  various  directions,  and  as  the 
granulation  tissue  grows  between  the  muscles,  they  become 
atrophied  and  can  no  longer  contract,  whilst  those  outside 
still  draw  irregularly  on  the  outer  layer  of  granulation  tissue, 
and  thus  assist  in  all  probability  in  separating  the  granulation 
layer  from  the  softened  or  softening  sequestrum  within.  Not 
only  80,  but  the  presence  of  the  mass  of  dead  muscle  un- 
doubtedly acts  as  an  irritant,  and  so  heljjS  to  bring  about  the 
formation  of  the  extremely  vascular  granulation  tissue.  The 
fact  that  there  is  material  to  be  absorbed,  stimulates  the 
tissues  to  the  formation  of  an  absorbing  membrane. 

If  the  mass  is  not  of  parasitic  origin,  the  only  other  possible 
explanation  appears  to  be  that  the  coagulative  necrosis  has 
been  set  in  during  life,  after  some  violent  muscular  exertion, 
the  only  fact  in  support  of  this  being  that  most  of  the 
masses  were  found  in  the  muscles  which  are  most  frequently 
and  most  violently  exerted. 

Here  the  changes  are  explicable  on  the  theory  that  the 
copulated  muscle  elements  become  fractured,  are  separated 
from  the  surrounding  muscular  fibres,  and  that  they  by  their 
presence  as  dead  material  act  as  irritants;  a  granulation 
tissue  is  formed  between  and  around  them ;  and  they  are 
gradually  absorbed. 

Should  opportunity  offer,  I  hope  that  Fellows  of  the  Society 
will  place  parts  of  similar  morbid  masses  in  my  hands,  in 
order  that  I  may  continue  the  investigation. 


I  oruer  ui 
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DBBCMpnou  OF  Plate  XXIII. 

FIQ.  1. 

Section  of  ■mall  portinn  or  capsnle  and  one  oT  th«  \axffit  Mqnettn,  stdned 
i^th  omnic  add  ( x  00). 

<a)  Seqaestmin  oompoaed  ot  Titreons  nauea  of  mnicnltr  flbrei  ;  the  mnm 
•re  wall  M«n,  ftnd  th«  fngnientatioo  is  well  marked. 

(6)  Thin  layer  of  connective  tiame  in  immediate  contact  with  the  aeqneetmm. 
Thia  ia  gnnular  and  fattj,  and  in  many  ca«es  connats  merely  of  a  maoa  of 
diM*.     Ontaide  thia  it  a  well-defined  space  or  fissure. 

(e)  I^yer  of  Tascolar  granolatioQ  tisane  with  larger  cells  near  the  fissnre, 
and  with  well-marked  rascnlar  loops  thronghont.  Beneath  this  the  tiaaue 
Is   denser,  cells   are   more   fnsiform   or   branching,  and   larger  Teasels  are 

(d)  FibniDS  or  fibroMMllnlar  layer,  in  which  are  enclosed  numerooa  atrophied 
miucnlar  fibres,  represented  by  the  dark  patchea. 
(«)  Titreona  moscalar  fibres  ontaids  the  capsule  altogether. 

FIO.  2. 

LoDgitadinal  section  of  some  of  the  hyaline  mnscnlar  fibres,  In  tb«  skiiieT 
sta^  of  the  process,  taken  from  just  outside  the  capsnle.  Stained  with 
osmic  acid  ( x  400). 

(a)  Striped  mnscnlar  fibre,  qnite  normal  in  appearance. 

{b)  Portion  niidergoing  the  Titreoos  or  hyaline  fragmentation.  In  thia  man 
small  globniea  of  fat,  stained  black  with  osmic  acid,  may  be  seen. 

if)  Fibre  in  which  fragmentation  and  vitreous  degeneration  is  more  general. 

[d)  Inter-moBcnlar  connective  tissue,  only  slightly  increased  in  qmmti^. 
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cod,  which,  says  Mr  Peach,  "  was  evidently  in  very  poor  con- 
dition. There  were  ulcerated  patches  on  the  same  side,  one 
of  them,  ahout  two  inches  in  diameter,  in  a  line  with  the 
pectoral  fin  and  a  few  inches  behind  it.  .  .  .  There  were 
several  other  smaller  ulcera  nearer  the  tail." 

The  portions  sent  to  me  were  placed  at  once  in  Miiller's 
fluid,  in  which  they  were  exceedingly  well  preserved,  until 
I  had  an  opportunity  of  examining  them. 

On  examining  the  hn  and  tissues  over  the  pectoral  arch, 
which  have  heen  cut  away  with  the  fin,  a  large  ulcer  is  seen 
in  the  fold  of  tlie  akin  on  the  extensor  surface  of  the  joint. 
It  measures  IJ  in.  in  diameter  from  above  downwards,  2  in. 
from  before  backwards,  and  extends  over  the  upper  three- 
fourths  of  the  breadth  of  the  fin  at  its  base.  The  ulcerating 
margin  is  soft,  friable,  and  caseous  or  cheesy  looking. 

This  cheesy  margin  ia  about  three-quarters  of  an  inch  in 
breadth,  the  free  margin  being  much  more  granular  and  friable 
than  the  attached  portion,  which  is  somewhat  more  cheesy 
and  tenaceous  in  consistence. 

The  lower  border  of  the  ulcer  is  very  considerably 
thickened,  is  not  caseous  throughout,  but  is  gelatinous.  In 
the  gelatinous  mass  is  embedded  a  peculiar  caseous  nodule, 
A  small  piece  of  this  was  removed  and  examined  under  the 
microscope,  the  result  of  which  examination  is  given  below. 
In  the  floor  of  the  ulcer  itself  the  bones  of  the  pectoral  arch 
and  the  bases  of  the  fia  rays  are  completely  bared,  as  not 
only  is  the  pereoateum  removed,  but  the  ligaments  and  the 
whole  of  the  structures  round  the  articulations  are  completely 
disorganised,  so  that  the  proximal  ends  of  the  fin  rays  are 
quite  free.  There  are  still  small  fragments  of  caseous 
material  scattered  over  and  attached  to  the  bones,  these 
pointing  to  the  fact  that  caseation  probably  preceded  the 
ulceration  in  the  whole  area.  At  the  tip  of  the  fin  ia  a 
similar  but  smaller  ulcer.  Near  the  larger  ulcer,  but  not 
involved  in  the  caseous  margin,  are  a  couple  of  small  round 
nodules,  one  of  them  I'j  in.  in  diameter,  with  a  raised, 
shghtly  umbilicated  centre,  and  a  depressed  margin.  Tliis 
tubercle  is  not  cheesy,  but  is  dark  brown  in  colour  and 
slightly  gelatiooos  in  the  centre,  though  it  is  certainly  not 
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like  an  ordinary  tubercle  nodule  to  the  naked  eye.  At  the 
opposite  margin  of  the  nicer  13  a  similar  but  amaller  nodule, 
about  iV  in.  in  diameter.  Microscopic  examination  of  s 
small  portion.of  the  thickened  margin  of  the  nicer  disclosed 
a  condition  almost  identical  with  tliat  observed  in  gnmciata 
and  allied  degenerated  masses  of  tissue.  Where  the  cheesy 
condition  is  not  well  marked,  the  bandies  of  mnscular  fibre 
are  separated  by  numerous  small  round  cells,  almost  like 
those  met  with  in  granulation  tissua  The  mnscular  fibres 
themselves  are  somewhat  atrophied,  and  are  frequently 
divided  into  comparatively  short  lengths;  between  them 
small  collections  of  granular  material,  and  here  and  then 
large  well-formed  cells,  some  of  which  have  more  than  one 
nucleus,  are  found.  These  cells  are  very  like  the  endothelioid 
cells  so  frequently  met  with  in  all  tissues  where  there  is  any 
tendency  to  fibrous  tissue  formntion. 

The  most  important  changes,  however,  are  observed  in  the 
blood  vessels,  and  in  order  to  make  these  changes  more 
comprehensible  it  may  perhaps  be  well  to  describe  very 
briefly  the  structure  of  a  blood  vessel  of  a  fish. 

As  in  a  vessel  of  the  human  subject  there  are  three  coats : 
the  Tuniai  adventitia,  or  outer  coat  (PL  XXIV.,  Fig,  3  o), 
which  in  this  position  is  of  very  considerable  tliioknesa.  It 
consists  essentially  of  a  dense  network  of  connective  tiaene,  in 
which  are  a  few  nucleated  cells.  This  connective  tissue  coat 
may  he  said  to  be  continuous  with  that  of  the  surrounding 


Caseoits  Ulcer  in  Skin  of  Cod. 


473 


(Fiy.  3  c).  The  vein  differs  from  the  artery  in  that  the  mus- 
cular coat  is  very  much  thinner,  and  the  outer  coat  is  usually 
not  so  well  developed. 

On  examining  the  vessels  in  the  area  above  mentioned 
(the  small  piece  taken  from  the  thickened  margin  of  the 
ulcer),  tlie  following  appearances  are  present.  As  one  would 
expect  from  the  infiltration  already  observed  in  tho  con- 
nective tissue  between  the  bundles  of  muscular  fibre,  there 
is  marked  infiltration  of  the  outer  connective  tissue  coat 
with  small  round  cells.  These  small  cells  consist  almost 
entirely  of  a  nucleus,  the  film  of  protoplasm  around  them 
being  very  thin  indeed.  There  are,  however,  along  with  the 
small  cells,  a  number  of  large,  well-formed,  usually  rounded 
connective  tissue  cells,  in  which  the  formed  material  around 
the  nucleus  is  present  in  considemble  amount  Some  of 
these  cells  have  several  nuclei. 

The  muscular  coat  is  as  a  rule  not  much  altered,  but 
occasionally  one  finds  a  slight  increase  in  the  number  of 
small  round  cells  in  this  position. 

It  is  on  the  internal  coat,  however,  that  the  most  marked 
changes  are  seen;  in  the  present  instance  it  is  enormously 
and  irregularly  thickened.  In  the  tliickened  portion  the 
laminae  are  arranged  apparently  not  in  the  same  pUne  as 
the  circumference  of  the  vessel  but  at  right  angles  to  it,  and 
the  cells  seen  in  section  as  they  lie  between  the  laminae,  run 
with  their  long  axes  at  right  angles  to  the  plane  of  the 
circumference.  A  similar  arrangement  is  sometimes  observed 
in  syphilitic  aiieritis  obliterans  (Plates  XXIII.  and  XXIV., 
Figs.  4  and  5),  As  may  be  Been  on  reference  to  Fig.  4,  the 
thickening  is  very  irregular,  and  in  consequence  the  lumen  of 
the  vessel  is  unequally  narrowed.  This  condition  very  closely 
resembles  not  only  arterilu  obliterans  as  seen  in  sypliilis,  but 
also  in  stonemason's  phthisis,  chronic  tubercular  phthisis,  in 
healing  wounds,  interstitial  nephritis,  and  the  like.  In  all 
these  processes,  there  is  eventually  a  cutting  off  of  the  blood 
supply  from  tissues  which  were  originally  supplied  by  the 
arteries.  It  appears  as  though  an  exactly  similar  process  is 
here  taking  place.  In  the  section  under  examination  numer- 
ous transverse  (Fig.  4)  and  longitudinal  sections  of  vessels 
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are  seen,  in  which  still  fiirtfaer  changes  are  taking  place.  The 
muacolar  coat  is  still  fairly  well  defined,  bat  in  it  are  naIIle^ 
ous  small  round  cells  similar  to  those  mentioned  above,  each 
consisting  of  a  nucleoa  and  a  very  thin  film  of  protoptasm. 

What  corresponds  to  the  inner  coat  is  now  seen  to  be 
simply  B  vitreous  or  caseous  mass,  which  ia  evidently  com- 
posed  of  the  proliferated  cells  of  flattened  layers  and  of  the 
altered  formed  material  which  lies  between  the  cella.  The 
Inmon  of  the  vessel  is  completely  occladed ;  blood  conld  no 
lonf^r  pass  to  supply  the  vessel  walls  and  the  tiasoes  to 
which  they  run.  After  a  careful  examination  of  theae 
obliterated  vessels  in  both  longitudinal  and  tranavene 
sections,  one  is  forced  to  the  conclusion,  that  what  we  have 
described  is  taking  place  in  a  great  number  of  the  smalt 
arteriea  The  whole  of  the  obstruction  is  not  necessarily 
due  to  thickening  of  the  inner  coat^  for  in  some  of  the 
sections  examined  the  remains  of  a  small  blood  clot  could 
be  seen  filling  up  what  remained  patent  of  the  lumen, 
completing  the  occlusion.  Here,  then,  we  have  a  definite 
course  of  events.  Be  the  cause  what  it  may — and  the 
evidence  points  strongly  in  the  direction  of  Parasitiam, 
though  as  yet  no  actual  micro-oi^nism  has  been  distin- 
guished in  this  position — there  is  inflammation  of  the  walls 
of  the  vessel  leading  to  infiltration  of  the  T.  advaUitia  with 
small  round  cells,  to  less  marked  changes  in  the  muscular 
coat,  and  to  extremely  well-defined  changes  in  the  iuner 
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Boiue  similar  change ;  it  becomes  hyaline,  swollen,  then  granu- 
lar ;  and  at  this  stage  takes  on  the  yellow  picric  acid  stain  of 
pic ro -carmine.  Around  the  central  hyaline  or  caseous  clot, 
the  thickened  inner  coat  may  be  distinguished  for  some 
time,  but  eventually  the  cells  in  this  position  begin  to 
swell  up,  they  gradually  become  hyaline,  run  together,  and 
then  assume  a  granular  appearance,  taking  on  the  charac- 
teristic yellow  stain,  to  which  reference  has  already  been 
made.  The  vascular  supply  has  been  cut  off  not  from  the 
vails  of  the  vessel  only,  but  also  from  the  areas  which  were 
supplied  by  these  vessels.  Hence  we  see  in  the  cut  specimen 
large  tracts  of  tissue  in  which  the  cells  are  hyaline,  swollen, 
and  in  many  cases  running  tc^ether,  just  as  we  have  seen 
them  in  the  walls  of  the  vessels.  The  fibres  are  also  swollen 
or  granular,  so  that  large  homogeneous  or  granular  masses, 
stained  yellow  with  picro-carmiue,  are  seen,  corresponding 
in  their  distribution  with  that  of  the  obliterated  vessel. 

It  is  in  consequence  of  these  changes  that  the  ulceration 
described  takes  place.  The  degenerated  tracts  get  larger 
and  larger,  they  gradually  run  together,  and  the  soft  granular 
material  disintegrates,  leaving  ulcerated  patches,  which  in 
turn  get  larger  and  run  together  to  form  ulcers  of  the  size 
detailed  at  the  commencement  of  the  paper.  The  processes 
mentioned  above  as  preceding  the  ulceration  are  of  course 
best  marked  at  the  mai^in  of  the  ulcer,  the  advanced  caseous 
patches  at  the  extreme  margin  and  the  inflammatory  changes 
some  little  distance  away  from  this  point. 

The  process  of  caseation  is  very  similar  to  that  observed 
in  the  conditions  associated  with  tubercle,  syphilis,  and  the 
like,  and  the  results  as  seen  under  the  naked  eye  are  very 
like  one  another. 

It  should  be  observed,  however,  that  here  there  are  no 
giant  cells.  Taking  one  of  the  vessels  as  an  example,  there 
is  the  well  advanced  caseous  clot  in  the  centre,  surrounding 
this  are  endotbelioid  cells  or  plates  lying  on  a  species  of 
reticulum,  both  cells  and  fibres  growing  in  connection  with 
the  laminated  layer  of  the  inner  coat  of  the  vessel  Even 
in  the  degenerating  areas  outside  the  vessels  altogether,  not  a 
single  giant  cell  could  be  made  out. 
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As  yet,  after  a  patient  search,  do  micro-oi^nisnia  have 
been  found,  but  the  evidences  of  their  presence  at  some  time 
or  other  as  seen  in  the  changes  in  the  tiasne  elements  are 
very  strong  indeed. 

Dkscbiption  op  Tlates  XXIII.  asd  XXIV. 

F[0.  3. 

lyinfcituilinnl  nvtinii  thrnuKh  imalt  healthy  uteiy  takeo  rram  bue  of  Fm 
of  Cwl.     I'reiuTTed  in  MUller'a  fluid  Htaioed  with  picro-CArmiue  (  x  300). 

(ii.)  Tuftioi  lulreulitia,  or  outer  connective  tUane  coat,  composed  of  white 
libri'UH  tisfiuo  forming  den  hi  felted  w«ry  inus. 

(A.)  Tunieamiilia,  or  middle  roat,  composed  of  rircnlarnon -striped  miuciiUr 
filiroH.  The  nuclei  and  ouUinuB  of  the  fibres,  cut  tnnsreraely,  well  seea  at  the 
ujijiiT  prirt  of  llie  figare  ;  tlio  oatliuce  of  the  circular  fibrea  are  veil  aaen. 

(c. )  TiiHita  ialiiHa,  or  inucr  cont ;  tlic  ktninated  fibronit  tissue  well  seen,  but 
the  llnttened  connective  tissiia  and  eadothelUl  cells  are  not  shown  in  the 

A  few  nucleated  blooil  corpuiiclcs  arc  Been  lying  in  the  lamen  of  the  veawl 


FIG.   4. 

Trannvcnw  sention  neross  two  branclica  of  a,  small  artery  just  below  the 
jioiut  of  bifurcation  of  the  pnrent  vossel  in  the  thickened  gelatinous  uiargin 
of  the  ulcer  at  the  base  nf  the  Fin  (  x  80),  staiued  in  picro-carmine. 

A.  In  tbia  brunch  obliteration  is  not  com|ileto. 

(a, )  luGttrated  adveatitia,  a8|ieuially  around  tlie  small  vaaa  vammmi. 

(b.)  Muscular  coat  little  changeil. 

(f.)  Inner  coat,  irregularly  thickened.  Hero  the  cells  lying  between  the 
fibres  ore  well  seen  and  also  tbo  aiiB  in  which  tbcy  lie. 

lupleto   and    de^uerutioa    has 
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XLII.  On  the  Chemical  CamposiliorL  0/  some  Srimjiles  0/  Scotch 
Ensila-je.  By  W.  Ivison  Macadam,  Esq.,  F.C.S.,  F.I.C., 
Lecturer  on  Chemistry,  School  of  Medicine,  and 
Professor  of  Chemistry,  New  Veterinary  College, 
Edinburgh. 

(BtMd  IStb  March  1885-) 

During  the  present  agricultural  depression  any  subject  or 
method  which  promises  more  or  less  to  aid  a  hard-working 
and,  for  some  yeara  past,  heavy-losing  class  of  men  is  looked 
upon  with  special  interest.  Should  the  first  results  of 
experimental  trials  appear  satisfactory,  the  tendency  is  to 
cause  other  members  of  the  same  class  to  lay  out  capital  in 
plant,  etc.,  and  so  endeavour  by  means  of  the  new  digression 
to  fill  the  already  almost  empty  coffers. 

Xo  subject  has  at  the  present  moment  greater  interest  to 
the  agriculturist  than  that  of  silage,  or  the  means  by  which 
freshly  cut  grass  or  grain  may  be  retained  for  a  longer  or 
shorter  period  in  a  state  fit  to  be  employed  for  feeding  pur- 
poses, without  the  labour  employed  in  sun-drying  or  hay- 
making. The  subject  becomes  all  the  more  important  when 
the  nucertainty  of  weather  and  durability  of  sunshine  are 
taken  into  account. 

The  process  of  sUage  requires  a  considerable  outlay  of 
capital,  because  the  grass  or  other  material  to  be  conveited  into 
ettaitoffe  must  be  excluded  from  the  air,  and  consequently 
speciaJ  buildings  must  be  ereoted.  These  compartments  are 
known  as  silos. 

The  most  primitive  and,  at  the  same  time,  successful 
method  seems  to  be  that  long  used  by  the  German  Landwehr 
of  di{^ng  a  pit,  in  which  the  grass  or  other  material  is 
placed,  and  afterwards  covered  with  loose  boards  and  an 
outer  layer  of  earth. 

More  complex  arrangements  consist  of  buildings  built 
under  ground  and  having  apparatus  attached  for  the  after 
loading  or  pressing  into  a  semi-compact  state  of  the  ensilage. 

Attempts  to  utilise  old  farm  buildings,  such  as  barna,  have 
proved  failures,  until  such  time  as  the  walls,  roof,  and  floors 
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have  been  coated  with  an  air-tight  sVin  of  cement — tht 
exclufion  of  air  being  a  neceatary  eondiiion  of  tucoesa. 

The  samples  of  eusilt^e  to  which  I  am  desirouB  of  direct- 
ing your  attention  are  five  in  number.  Nos.  1  and  2  are 
from  Bilos  cooatnicted  in  Midlothian,  whilst  the  remaining 
saiiipleB  come  from  the  neighbourhood  of  Arbroath. 

Nob.  1  and  2  samples  consisted  of  very  coarse  herbage, 
being  a  mixture  of  grasses  with  reeds,  rushes,  etc.,  and  with 
one  or  two  of  the  flowers  (Bannnculacen,  eta),  which  an 
found  in  low  or  boggy  ground. 

No.  3  sample  was  labelled  as  "  a  mixtuTe  of  ry^-graat  and 
clover,"  and  contained,  besides  the  LoUums,  other  grasses, 
especially  Hordeums,  Poas,  Holcus,  and  Dactylia,  with 
Trifolinms  and  other  flowering  plants,  especially  members  of 
the  KanunculaceeB. 

No.  4  sample  was  "a  mieture  of  green  harley  and  old 
pasture."  I  have  identified  Poae,  Phleam,  and  Holcus,  but 
the  condition  of  the  material  and  the  few  flowering  beads 
present  renders  the  naming  of  species  difficult 

Ko.  6  sample  was  one  made  from  the  cattings  of  the 
" grass  from,  lawns"  and  contained  the  usual  Poaa,  Holcus, 
Fbleums,  Festuca,  etc 

In  making  the  analyses  of  these  samples,  the  asual 
methods  were  followed, — the  substances  determined  being 
the  percentages  of  moisture,  ether  extract  (or  fatty  and  acid 
substances),  albuminous  substances  as  determined  from  the 
nitrogen  present,  starch.  i;um  or  mucilatje  ami  sugar,  woody 
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lower.  Tbe  aali  also  is  higher.  It  is  true  that  the  two 
tables  are  scarcely  in  a  position  to  be  compareil,  for  they  do 
not  represent  the  same  field  of  grass,  and  moreover  they  do 
not  represent  the  same  mixture  of  grasses.  It  is  well-known 
by  agricoltural  chemists  that  even  the  same  variety  of  grass 
differs  in  composition  according  to  the  (^,  approach  or 
otherwise  to  flowering,  soil,  height  above  sea-level,  and  even 
climate.  Still  the  average  figures  may  be  employed,  and  the 
results  of  such  a  comparison  is  as  stated  above. 

An  endeavour  to  further  corroborate  the  figures  as  to  the 
proportion  of  nitrogen  present,  and  from  that  the  albumenoida, 
using  dried  portions  of  the  ensilage,  led  to  results  so  different 
from  those  obtained  with  the  fresh  moist  sample  that  other 
experiments  became  necessary.  The  results  obtained  when 
the  moist  material  was  used  agreed  with  those  first  found,  and 
further  trials  with  dried  samples  showed  that  a  considerable 
loss  of  nitrogen  was  sustained  during  the  drying  operation. 
The  results  are  given  in  Table  B,  where  it  is  shown  that  whilst 
in  No.  3  the  total  nitrogen  present  in  the  moist  sample  was 
1'319  per  cent.,  that  after  drying  only  1'063  per  cent  was 
retained,  showing  a  loss  of  nitrogen  from  the  total  amount  of 
0'256  per  cent.,  or  about  one-sixth.  No.  4  shows  a  still 
greater  loss,  for  whilst  the  total  nitrogen  was  equivalent  to 
1'543  per  cent.,  the  nitrogen  in  the  dried  porlioii  was  only 
I'OSO  per  cent.,  or  a  loss  of  0-513  per  cent,  equal  to  about 
one-third.  No.  4  sample  lost  nearly  one-half  of  its  nitrogen 
on  drying.  The  volatilisable  nitrogen  could  not  he  present 
in  the  state  of  albumenoids  or  flesh  formers,  hut  was  evidently 
in  the  form  of  amides,  if  not  actually  of  ammonia.  This 
volatile  nitrogen  therefore  should  not  be  reckoned  as 
albumenoid,  and  consequently  the  results  obtained  from  the 
nitrogen  of  the  moist  ensilage  were  not  representative  of  the 
albumenoid  of  flesh-forming  material  present  in  the  ensilage. 
Table  A  therefore,  although  calculated  by  the  usual  methods, 
is  not  correct,  and  conveys  a  wrong  impression  as  to 
the  feeding  value  of  the  ensilage.  It  is  the  nitrogen  left 
after  drying  that  should  be  calculated  into  albumenoids, 
or  in  other  words,  the  ensilage  should  be  dried  before 
being   analysed   or  a  second  nitrogen  estimation   be   made 
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to  allow  the  amount  of  non-albamenoid  nitrogen.  Tbe 
analyses  after  the  necessary  recalculation  will  be  foond  on 
Table  D. 

On  Table  £  la  given  the  results  of  analyses  of  fresh  and 
siloed  Lucerne  aa  made  by  Weiske  and  others  (Bied.  Centr., 
1884,  pp.  464-4C9),  and  as  extracted  in  the  Jonmal  of  the 
C'liemiuil  Society  of  London.  Tbe  author,  however,  does  not 
seem  to  be  aware  of  Uie  preaence  of  nitrc^en  as  ammonia, 
ulthuugh  the  results  show  a  decrease  in  the  albuminous  com- 
pounds after  silajre.  The  proportions  of  albamenoid  material 
there  (^iven  are  hi;rh,ftnd  may  be  accounted  for  by  the  author 
having  uverlooked  the  preaence  of  free  ammonia.  Weiske 
says  that  "  the  analyses  were  conducted  in  the  usual  way 
after  the  ailii<^  had  been  extracted  with  cold  water,"  the 
reason  fur  the  extmction  being  given  in  the  following  part  of 
the  clause,  "and  the  volatile  acida  (butyric)  estimated  in 
the  extract  by  volatilisation,  and  the  non-volatile  (lactic) 
by  titration."  It  thus  appears  that  the  reason  for  digestion 
in  water  was  for  tlie  purpose  of  estimating  the  acidity,  and 
no  mention  ia  made  (in  the  extract  quoted)  as  to  volatiliaable 
or  saline  ammonia  being  in  the  ensili^. 

A  further  study  of  \V'eiske'8  results  shows  that  the  starch 
(TTOUp  has  also  decreased  during  silage,  and  that  the  ether 
extract  has  increased  much.  This  kat  fact  is  well  brought 
out  in  Table  D  as  compared  with  Table  0.  Consequent  on 
the  above  changes  in  composition,  we  find  an  increase  in  the 
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nitrogen  as  ammonia  present  in  the  fresh  plant.  Bungener 
and  Fries'  results  are  on  Table  F. 

The  fall  in  the  proportion  of  starchy  material  is  accounted 
for  by  the  presence  of  lactic  and  butyric  acids  in  the 
ensilage.  Weiske  states  the  proportion  of  lactic  obtained 
from  a  lupine  ensilage  at  2*30  per  cent.,  and  the  butyric  acid 
at  3*58  per  cent,  the  latter  figure  being  increased  in  other 
analyses  to  7'45  and  7  34  per  cent. 

It  would  thus  seem  that  during  the  process  of  converting 
grass  into  ensilage  that  a  fermentation  developing  butyric 
and  lactic  acids  takes  place,  and  that  at  the  same  time  a 
decomposition  of  the  albumenoids  proceeds,  leading  to  a  loss 
of  feeding  power  and  the  formation  of  ammonia. 

The  feeding  power  of  the  ensilage  is  impaired  by  these 
changes,  and  according  to  Tables  D  and  C  the  flesh  forming 
power  is  only  about  three-fifths  that  of  meadow  hay.  In 
Table  E  the  starch  compounds  are  only  about  three-fourths 
those  of  fresh  Lucerne.  It  will  therefore  be  necessary  to 
consider  these  points  when  ensilage  is  to  be  used  for  feeding 
purposes.  The  strong  and  most  disagreeable  odour  of  the 
ensilage  is  known  to  all  who  have  seen  the  few  silos  erected 
in  this  country,  and  so  pungent  is  this  smell,  that  even  cattle 
object  to  it  at  first,  although  after  a  time  they  may  be 
induced  to  take  the  material  somewhat  greedily. 

Great  care  is  necessary  in  opening  the  silos  to  admit  as 
little  air  as  possible,  for  further  decomposition  rapidly  ensues, 
and  the  material  becomes  musty  and  improper  for  feeding 
purposes. 

TABLE  A.— Chehigal  CoHi»ostTioK  of  Ensilage. 

No.  1.       No.  2.       No.  8.       No.  4.       No.  6. 

Moisture,       .        .  7682  78-71  6871  7207  7492 

Oil 1-83  111  1-26  1-61  201 

*Albaminoii8  CompoundB,  1*78  2'81  2*68  2*79  8*46 

Starch,  Gum,  and  Sugar,  18*88  14*96  14*78  18*86  11*12 

Woody  Fibre,  4*88  6*04  9*86  7*42  6*86 

Ash,      ....  1*91  1*87  2*87  2*86  2*68 


100  00       100*00       100*00       100*00       10000 

KS^BSS  ^jjgggjg^  mSSSS^  SmSSS^^ 


•  Nitrogen,  .       0*278%      0*869%      0*413%     0*481%      0-6[>4% 


Pntttdingt  of  Hu  Soyal  Pkytieal  Soeieijf. 

TABLE  B.— CanicAL  CostPooTKUi  or  KiraiLAOB. 

Kol  1.      Rol  X.      No.  S.       Ko.  4. 

Oil G-fll  4-9)  S-M           5-41 

*All>uininau  Caniioand^  7-31  B7B  8-S4 

Starch,  Gam,  and  Sugar,  6S-<1  5t-91  47*07 

VomlrFibn,  20-99  »-97  Sl-fil 

Ath 8-00  r-ll  8-17 


»•» 

I17» 

47-83 

4441 

M-J« 

n-» 

10-21 

10'lg 

99-08      9g-»g      sa-M  m-99  99-97 

•  ToUl  Siltoem,      .         .     1-171%  1-403%  1-819%  1-643%  2-209* 

Nit,«S«.\^l«ni^onJrj-  j  ^.^^^  ^.^^  ^^  ^.^^  ,.„, 

Kiln^i^  ia  dri«d  Sample    0-784  0-862  1-003  1-080  1-081 

=A11iuiiiin<)UB  CDniponnda,    4'775  3'4&0  8-643  6-487  6-450 


TABLE  0.— Chemical  CovPMinox  or  Fobaok  OKAnn. 

Avmi^itf  AT«n)tecit     MmAam        LoUm         Lolta 
KuMim.  «.„.,    (IUtlli»u«n  tfohnmi  a    -_,„ •n__i 


Oil 

3-06 

2-47 

3-29 

8-18 

8-27 

'AUwrniDoui  C-Mnpounib, 

11-05 

9-17 

10-82 

11 -T» 

10-04 

Stnrrh.  Otiin,  and  Sugar, 

45-64 

41-29 

46-28 

42-28 

67-86 

WiKidf  Fibrv, 

33-53 

40-00 

80-35 

36  21 

19-79 

AA      .        ■         ■        ■ 

6-72 

7-06 

7-29 

7-68 

9-08 

99-99       100-08 
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TABLE  E. — Chemical  Composition  of  Lucerne  Ensilage. 
(Weiske,  etc.,  Bied.  Centr.,  1884,  pp.  464-469). 

Siloed  Close.      Slightly  Pressed.       Not  Pressed. 
Fresh.    Silage.      Fresh.    Silage.      Fresh.   Silage. 


Oil  (Ether  Extract),   .         4*44 

879 

4*91 

8-58 

6*01 

6-76 

Albuminous  Compounds,  26*69 

23*35 

25*94 

21-44 

25*00 

20*94 

Starch,  Gum,  and  Sugar,  37*12 

28*42 

37  32 

26*83 

37-52 

30*20 

Woody  Fibre,    .        .       22*64 

28-03 

22*90 

30*40 

23*67 

29-62 

Ash,  ....        9*21 

11-41 

8*93 

1275 

8*90 

12*49 

10000     100*00     100*00     100*00     10000     10000 

TABLE  p.— Barley  and  Malt, 
(Bungener  and  Fries,  Bied.  Centr.,  1884,  pp.  406-409.) 

Nitrogen. 


Total  Nitrogen  in  Dried  Sample, 
Total  Nitrogen  Soluble  in  Water, 
As  Albumenoids, 

Peptones, 

Amides, 19*1 


Barley. 

Malt 

Barley. 

Malt. 

1*69 

1*68 

1*84 

1-73 

21*0 

40-6    36*7 

20*6 

86*2    36*4 

9*5 

14-5    10*3 

21  1 

14*4     10*6 

2*4 

8*8       6*0 

2*2 

2*4      8*5 

19*1 

22*3     21*4 

6-3 

19-4     22*3 

XLIII.  Note  on  the  Presence  of  Certain  Diatoms  in  a  Town 
Water  Supply.  By  W.  IvisoN  Macadam,  Esq.,  F.C.S., 
F.I.C.,  etc..  Lecturer  on  Chemistry,  School  of  Medicine, 
and  Professor  of  Chemistry,  New  Veterinary  College, 
Edinburgh. 

(Read  15th  April  1886.) 

The  presence  of  these  minute  forms  of  vegetable  life  in 

fresh  and  salt  waters  has  been  long  recognised,  but  the 

number  of  specimens  to  be  obtained  from  any  one  sample  of 

water  has  generally  been  very  small     In  the  case  to  which 

I  beg  leave  to  direct  your  attention,  the  water  is  of  excellent 

quality  for  domestic  use,  is  soft  in  character,  and  contains 

only  very  minute  proportions  of  ammonia.    The  chlorine  is 

merely  a  trace,  and  nitrogen,  as  nitrates  or  nitrites,  entirely 

absent    As,  however,  the  water  is  collected  from  running 

streams,  it  is  liable  to  contain  in  mechanical  suspension  more 
VOL.  vni.  2  H 
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or  less  tlocculent  solid  particlea,  paitly  organic,  bat  to  t 
greater  extent  mineral  in  nature.  To  cause  the  removal  of 
this  solid  suspended  matter  filtration  haa  been  resorted  to; 
the  filters  employed  being  made  in  the  usual  manner  vith 
gravel  and  coarse  and  fine  sand.  AVhea  put  into  use  then 
Sltci'i  were  noticed  to  become  very  rapidly  covered  with  a 
coating  of  green  slimy  matter,  wbiiib  in  time  caused  more 
or  less  choking  of  the  apparatus,  and  rendered  frequoit 
cleansing  necessary. 

The  chemical  examination  of  the  dried  scam  or  skin 
which  had  formed  on  the  surface  of  the  sand  disclosed  the 
fact,  that,  even  nfter  the  moat  careful  prepatatory  cleansing  of 
the  sample  to  remove  adhering  sand,  the  material  was  to  a 
very  large  extent  composed  of  a  mineral  residue  which  was 
insoluble  iu  acids,  but  was  readily  volatilised  by  the  addition 
of  hydric  fluoride.  The  microscopic  examination  of  this 
residue  revealed  the  fact  that  the  material  was  made  up  of 
diiitoinacGous  valvea,  in  a  state  of  almost  absolute  purity. 

A  purified  sample  of  the  valves  was  forwarded  to  Mr  R 
Groves  of  Saltburn,  who  kindly  undertook  the  microscopic 
determination  of  the  species,  and  who  reports  that  the 
stuuiile  consists  almost  entirely  of  Fragilaria  eapueina, 
Dcsm.,  and  that  "the  filaments  ore  matted  together  in 
enormous  abundance,  but  when  treated  with  acid  they  break 
up  completely  into  single  valves."  The  following  is  a  list  of 
the  species  identified,  all  of  which,  with  the  exception  of  the 
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The  question  as  to  whether  the  presence  of  these  Diatoms 
is  in  itself  hurtful,  or  points  to  contamination  of  the  water  in 
which  they  are  found,  is  a  point  of  some  importance.  It  is  a 
well-known  fact  to  all  those  who  are  experts  iu  water 
analysis,  and  in  the  examination  of  streams  for  pollution, 
that  the  presence  of  vegetable  life  is  not  in  itself  hurtful 
provided  it  consists  of  those  forms,  mostly  green  in  colour, 
found  in  pure  waters.  It  is  also  admitted  that  where  a 
water  becomes  contaminated  with  putrescent  matters,  the 
character  of  the  flora  entirely  changes.  The  Diatomacea 
belong  to  the  first  of  these  classes,  and  are  especially  found 
in  waters  which  have  for  their  collecting  ground  rocks  of  an 
igneous  or  metamorphic  origin.  They  are  therefore  rather 
an  evidence  of  the  purity  of  a  water  supply,  and  their 
presence  need  not  be  the  cause  of  any  alarm.  A  properly 
constructed  sand  filter  will  readily  cause  their  removal 


XLIV.  Hie  North' West  Coasts  of  Sviherland  and  their 
Bird  Life.  By  John  A.  Harvie-Brown,  Esq.,  F.RS.R, 
F.Z.S.,  etc*.  President. 

(Read  20th  May  1885.) 

The  district  about  which  I  intend  to  treat  in  the  present 
paper  is  one  little  spoken  of  by  naturalists.  It  extends  from 
Bhiconich  round  the  shore,  following  the  deep  sea  loch  of 
Inchard,  including  the  coast  between  that  and  Cape  Wrath, 
and  the  outlying  islands  of  Bulgie  and  Bona,  and  other  rocks 
and  skerries;  and  again  eastward  from  Cape  Wrath  to 
Whiten  Head  at  the  eastern  entrance  to  Loch  Eriboll. 

After  traversing  the  long  stage  between  Lairg  and  Durness 
on  the  9th  June  1882,  a  drive  of  upwards  of  60  miles,  I 
took  up  my  quarters  at  Durness,  from  which  point  I  intended 
to  visit  the  north  coast. 

I  passed  through  the  wild  strath  of  Dionard.  The  Edder- 
achyllis  district  of  Sutherland  somewhat  alters  in  its  physical 
aspects  when  the  traveller  gets  north  of  Loch  Laxford.  He 
sees  no  more  of  the  richly-clad  birch  slopes  round  the  lochs 
by  the  road  side,  so  common  south  of  Scourie,  but  instead,  he 
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notes  the  stonier,  barer,  and  leas  prodnctiv'e  land ;  and  tboagh 
the  lochs  bear  water-lilies  and  their  leaves  upon  their  sorf&ce, 
scarcely  any  birch  growth  is  seen  upon  their  sides.  Altogether 
the  country  is  drearier,  more  sad-looking  than  Assynt  This 
dreariness  increases  as  the  traveller  passes  on  leaving  Bhiconicli 
behind,  and  when  lie  reaches  the  highest  part  of  the  road 
between  that  and  Dumess,  about  Gualinn  Shooting  Lodge,  at 
the  head  of  the  melancholy  Strath  of  Dionard.  The  traveller 
has  also  seen  less  of  the  sea,  the  road  winding  between  the 
stony  ice-scraped  hills,  and  traversing  shallow  bogs  in  the 
hollows,  out  of  sight  for  the  most  part,  of  the  aea.  Passbg 
Gualinn  House,  which  rests  on  the  crest  of  the  watershed, 
we  drove  slowly  on  past  the  little  fished  lochs  of  Scarbhach 
More  and  l-och  na  Sgeir,  and  descended  into  the  dark  valley. 
Dismal,  indeed,  and  weird  is  this  wild  valley  of  Dionard  or 
Grudie,  the  shadows  falling  from  cloud  and  hill-top  in  uni- 
versal gloom  on  this  the  day  of  our  first  acquaintance  with  il^ 
the  sole  redeeming  light  being  that  of  the  winding  river 
Grudie,  as  it  caught  up  a  few  last  rays  from  the  northern 
sky,  and  wearily  wended  its  sluggish  course  seaward.  I 
know  of  no  ^-nlley  in  all  Sutherland  so  weird  in  its  utter 
loneliness  as  this ;  and  a  silence  as  of  death  reigns  over  and 
around  it.  Looking  back  after  traversing  some  6  miles  of 
its  length,  I  could  see,  perched  like  a  dove  on  a  sloping 
house-top,  the  Lodge  of  Gualinn,  looking  no  bigger  than  a 
mnn's  hand  against  the  sky. 


North-  West  Coasts  of  Sutherland  and  their  Bird  Life.  487 

landscape  is  taken  within  the  compass  of  the  eye,  and  a  good 
view  of  the  stack  itself  is  obtained.  With  a  good  binocular  I 
could  see  the  several  species  of  birds  which  breed  upon  it 
A  very  large  colony  of  puflSns  breed  upon  the  sloping  top  of 
Clachbeag  which  faces  south-east.  On  its  south  extremity 
is  a  colony  of  Green  Cormorants  (Phalaeracorax  gracvlus), — 
say  fifteen  pairs, — and  in  numerous  little  niches  and  shelves 
are  guillemots  and  razorbills,  the  latter  more  numerous  than 
the  former.  A  pair  or  two  of  greater  black-backed  gulls 
{Lams  marinvs)  were  made  out  amongst  the  puflBns.  Herring 
gulls  (Larus  argentatus)  have  a  colony  on  the  inner  and 
lower  rocks,  and  in  scattered  pairs  about  the  larger  Clach 
(literally  a  round-topped  lump).  A  few  lesser  black-backed 
gulls  {Larus  fuscus)  were  also  flying  about.  A  pair  of 
peregrines  kept  screaming  overhead,  and  a  pair  of  oyster- 
catchers  made  their  presence  known.  On  the  rocks  below 
me  rock  pipits  were  very  abundant,  and  on  the  grassy 
ground  of  the  interior  of  the  peninsula  meadow  pipits 
were  almost  equally  plentiful,  whilst  skylarks  were  also 
common;  and  I  saw  a  few  com  buntings.  Sparrows  are 
in  Durness  and  at  the  farm  steading  of  Balnakeil  and  at 
the  Durness  Manse,  but  are  not  very  plentiful  Flocks  of 
immature  herring  gulls  were  feeding  or  resting  on  the  far- 
stretching  sands  of  Balnakeil  Bay.  Amongst  the  abrupt  faces 
of  the  sandhills  broken  by  the  tides, — often  broken  as  if 
cut  down  by  a  spade, — where  the  roots  of  the  marram  grass  or 
bents  made  a  thick  matted  screen  or  cover,  I  searched  in  vain 
for  a  nest  of  the  Twite  {Linaria  montana),  nor  did  I  get  a 
glimpse  of  a  bird.  In  North  Uist  similar  favourable  ground 
is  thickly  populated  by  this  interesting  species. 

My  friend,  Mr  Allan  Scott  of  Balnakeil  Farm,  tells  me  he 
knows  of  one  rabbit  upon  the  peninsula  of  Far-out  Head. 
How  or  when  it  came  there  he  cannot  tell.  It  frequents  the 
stony  ground  and  broken  slopes  of  the  hills  at  Far-out  Head 
facing  the  east 

During  our  drive  from  Rhiconich  yesterday,  I  observed 
the  whinchat  to  be  common  here  and  there.  The  wheatear 
is  also  abundant,  but  scarcely  so  much  so  as  it  is  in  the 
Assynt  limestone  ranges ;  and  it  is  hard  to  say  why  it  is  less 
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30  OD  the  Durness  limestone,  when  appatently  a  'mtj 
similar  flora  exists.  Drycu  odopetaia  is  abuadant  aroond  Dai^ 
nes9,  aud  so  is  Primula  tcotica,  and  the  former  is  alnioat 
equally  abundant  at  Inchnadamph  in  Assynt. 

During  one  or  two  short  excursions  made  in  compaDy  with 
the  Messrs  Scott  of  Balnakeil,  whose  great  hospitali^  and 
kindness  I  can  never  forget,  I  visited  other  portions  of  the 
coast  in  the  vicinity  of  Dumesa  At  one  place,  a  little  to 
the  west  of  Balnakeil,  and  between  it  and  the  entnmce  of 
tlie  Kyle  of  Durness,  I  wae  shown  a  pecnliar  "  swallow  "  or 
<fr€ux  in  the  level  land  about  200  yards  from  the  shore.  It 
is  about  90  feet  deep,  and  the  sea  runs  ap  a  long  chasm 
and  cave  and  fills  the  bottom.  It  ia  said  that  a  boat 
can  pass  up  this  chasm  aud  through  the  cave  ia  fine 
weather. 

On  another  occasion  we  visited  the  fer-Cuaed  Smoo  Gavc^ 
and  I  lit  it  up  by  means  of  magnesium  wire.  I  do  not 
intend  to  describe  the  Smoo  Cave  in  this  place,  but  will  refer 
you  to  what  is  perhaps  the  only  good  description  of  i^  by 
my  friend  Dr  Heddle,  in  the  Oeognogtf  and  Mineraiogy  of 
Scotland,  Part  viii.,  pages  257-262. 

During  my  stay  at  Durness,  I  also  devoted  a  large  share 
of  my  attention  to  the  varieties  of  trout  found  in  the  lochs 
aud  streams  of  the  district,  and  in  this  I  wss  very  lately 
assisted  by  my  friend  Mr  D.  Mackay  of  Portnacon,  a  local 
naturalist  of  talent  and  ability,  and  having  an  intimate 


North'  West  Coasts  of  Sviherland  arid  their  Bird  Life.  489 

though,  possibly,  on  a  future  occasion,  I  may  arrange  them 
and  read  them  to  the  Society,  along  with  much  interesting 
matter  gathered  in  conversation  with  Mr  Mackay. 

My  next  excursion  was  to  Whiten  Head,  choosing  a  fine 
calm  day — the  17th  June.  I  drove  over  to  Eispond  at  the 
western  side  of  the  entrance  to  the  long  reaching  Loch 
EriboU,  and  thence  hired  a  boat  to  go  to  Whiten  Head,  the 
caverns  in  the  quartzite  of  which  are  remarkably  fine.  Owing 
to  the  remains  of  a  heavy  surf  and  swell  from  the  north  after 
the  late  gales,  we  could  not  take  the  boat  far  into  the  caves 
and  galleries,  many  of  which  are  united  by  passages  parallel 
with  the  cliff  face,  or  branch  off  in  many  directions.  It 
requires  a  perfectly  calm  day  after  a  week's  wind  from  the 
south, — or  off  the  land, — before  the  exploration  of  these  great 
sea-caverns  can  be  effected  in  safety. 

Bird  life  is  not  abundant  as  compared  with  that  at  our 
famous  sea-fowl  nurseries,  but  the  caves  hold  numerous 
green  cormorants  and  a  few — apparently  very  few — rock  doves. 
One  perpendicular  cleavage  in  the  cave-roofs  was  pointed 
out  to  me  by  the  boatmen  as  a  favourite  haunt  of  doves,  but 
we  failed  to  dislodge  any,  and  only  saw  two  or  three 
altogether  during  the  day. 

"  The  Maidens  "  are  outstanding  pinnacles  of  rock  several 
hundreds  of  feet  in  height^  and  these  are  densely  covered 
with  cormorants  (Phalacracorax  carlo).  This  colony  of 
cormorants  is  also  spread  over  the  summit  of  the  cone  of 
Whiten  Head  and  the  ledges  on  its  sides  up  to  some  350 
feet  above  the  sea.  I  could  easily  at  that  distance  see  the 
white  thigh-spots,  indicating  the  adult  birds  in  full  breed- 
ing plumage,  with  the  aid  of  my  binoculars.  This  is  a  very 
large  colony  of  cormorants.  A  man  once  climbed  up  in 
presence  of  our  boatmen,  and  brought  down  a  ''shawl 
full  of  eggs."  How  he  got  up  has  always  been  a  mystery 
to  our  boatmen,  one  of  whom  is  himself  a  very  able  rock 
climber. 

A  Peregrine  Falcon  was  seen  near  the  Head.  White-tailed 
eagles  {Haliaetus  aUncUla)  have  their  eyrie — ^reported  as 
quite  inaccessible — about  3  miles  east  of  Whiten  Head. 
Black  guillemota  {Uria  grylle)  were  not  abundant^  but  several 
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piLJrs  wero  seen,  and  I  aftervards  picked  np  a  broken  egg  od 
Eilean  Chlamraig. 

Herring  galls — certainly  one  of  the  moat  common  and 
widely  spread  speciea  of  gull  on  onr  coasts — was  more  or  len 
abundant  at  almost  every  suitable  point  of  vaataga  £ock 
pipits  were  omnipresent  Arctic  terns  were  breeding  on  Eileao 
Clilamraig  and  Eilean  Hoan,  for  which  two  low-lying  islands 
we  ran  after  leaving  Whiten  Head.  Eilean  Chlamraig  is 
marked  on  the  new  Ordnance  Survey  map  as  60  feet  above 
the  sea  at  its  highest  point.  Eilean  Hoao  is  higher  aud 
larger,  reaching  a  height  of  83  feet,  and  being  1  mile  in 
length.  These  islands  are  situated  near  Rispond,  a  little  to 
the  west  of  the  main  entrance  to  Loch  EribolL  Eilean 
Chlamraig  is  seamed  and  furrowed  by  the  aea,  and  is  cum- 
posed  of  limestone.  Both  islands  hold  colonies  of  terms, 
herring  and  lesser  black-backed  gulls,  oyster-catchers,  etc 
We  landed  on  them,  but  found  few  eggs,  the  great  gales,  aa 
our  men  remarked,  having  destroyed  most  of  them  a  few  days 
before.  After  lauding  ^ain  at  Kispoad,  my  ghillie,  John 
Sutherland,  and  I  walked  over  the  hill  to  Loch  an't'  Sean, 
and  there  met  for  tlic  first  time  Mr  D.  Mackay  of  Portnacon. 
Tliereafter  we  returned  to  Durness  in  the  trap,  a  driTe  of 
about  5  miles. 

My  next  tour  of  inspection  of  these  coast-linea  was  made 
to  Cape  Wrath  on  the  19th  June. 

John — my  ghillie — and  I  walked  to  the  ferry,  rowed  over 
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dunlin  and  golden  plover^  and  with  but  few  lochs  to  enliven 
or  brighten  up  its  dreariness.  The  bold  mountain,  however, 
of  Fashbhein  is  a  redeeming  feature,  and  was  ever  present  to 
our  view  as  we  drove  along. 

Arriving  at  the  lighthouse,  I  met  Mr  Goodsir,  the  light- 
house-keeper, and  had  a  conversation  with  him  on  the  subject 
of  the  migration  of  birds  at  the  lighthouse.  Few  birds  appear 
to  strike  the  light,  but  vast  numbers  of  solan  geese  and  rock 
birds  are  seen  passing  westward  daily  and  hourly  in  the 
autumn,  as  is  more  fully  recorded  in  some  of  our  Migration 
Schedules  and  Beports.  Except  a  few  gulls  and  a  colony  of 
cormorants  on  the  stack — ^which  forms  the  Cape — there  are 
few  birds  breeding  on  the  cliffs  between  Cape  Wrath  and 
Cearvig  Bay.  There  is  a  pair  of  peregrines  close  to  the  light- 
house. 

A  well,  intended  to  be  used  by  the  people  at  the  light- 
house, and  having  a  path  formed  down  the  cliff  to  it,  and 
situated  in  a  ''  slack  "  or  gully  250  feet  at  least  above  the  sea, 
has  never  been  used.  It  is  impregnated  with  salt,  driven  up 
by  the  great  storms  to  this  height,  saturating  the  soil  and 
rock  around. 

I  went  to  the  top  of  the  lighthouse  (a  revolving  red  and 
white  light).  It  is  one  of  the  earliest  built  in  Scotland.  Some 
of  the  reflectors  bear  the  date  of  1838. 

The  view  from  Cape  Wrath  towards  the  south  includes 
Sandwood  Bay  and  the  cliffs  beyond  its  entrance,  and  Bulgie 
Island,  and  the  high  rugged  coast  between.  Inland  are  the 
rolling  moors  and  hills  already  described.  To  the  west  and 
north  is  the  open  sea.  Lewis  is  visible  in  clear  weather, 
but  it  is  only  very  rarely  indeed  that  the  light  of  the  Butt 
lighthouse  can  be  seen  at  night,  and  then  only  at  ebb-tide. 
It  is  some  60  miles  distant.  Bona  and  Souliskeir  are 
easily  and  distinctly  seen  in  clear  weather,  and  nearer — 
within  a  mile  of  the  Cape  and  nearly  due  north,  looking 
almost  within  stone-cast  of  the  balcony  of  the  lighthouse — 
lies  the  dangerous  rock  of  Dhuslag,  on  which  a  vessel  called 
the  ''  Captain  of  Hull "  was  wrecked.  Eastwards  is  seen 
Far-out  Head,  and  nearer,  Garbb  Island  and  the  high  cliffs 
culminating  in  Clo-More,  Cearvig,  sands,  and  shepherd's 
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liouse,  and  Bome  fine,  but  almost  birdleaa,  cliflii  betveen,  con- 
siderably higher  tlian  Cape  Wrath. 

Drove  back  to  Cearvig,  after  which,  accompanied  by  John 
M'Cullum,  I  ascended  to  the  top  of  Clo-3iore — «  verr  fine 
nursery  of  sea  birds.  The  height  of  Clo-More,  according  to 
survey,  is  COO  feet.  From  this  point,  we  looked  down  upon 
the  coiuiwnttively  diminutive  stacks,  which,  however,  are 
singularly  i>icturesquo  ones,  and  are  crowded  with  sefl  birds. 
On  one  tiiio  broad  ledge  I  counted  100  guillemots,  and  on 
anollier  upwards  of  GU.  The  puffin,  however,  keeps  up  its  pro- 
ductive powers  here  on  a  va»t  scale,  and  sustains,  as  a  gregaii- 
iiUH  species,  tlie  character  of  being  the  most  numerous  of  all  our 
sea-fowl.  The  colony  extends  nearly  3  miles,  the  area  being 
nil  ire  or  less  densely  populated  in  its  rubble  slopes  and  cairns, 
rrcviccs  of  the  rocka  and  turf  summits,  throughout  its  whole 
livight,  which  averages  450  feet  Itazorbills  and  guillemots 
iiro  1>o(li  plentiful  on  the  stacks.  I  could  not  make  out  any 
l)ri<lle(l  {{uillcinota,  the  distance  being  too  great.  Kittiwakes 
abound  at  several  detached  and  suitable  places  towaids  the 
cost.  A  juiir  of  peregrines  were  seen  in  Clo-Bheag,  which  ia 
between  C'lo-AIoro  and  Cearvig  at  the  entrance  to  the  bay, 
and  soon  a  single  young  bird  in  down  was  aeen  in  the 
nest  It  appeared  through  the  glasses  to  be  about  the  sin 
of  u  pudiii,  which  was  sitting  not  far  from  it.  The  nest  or 
eyrio  was  uituated  in  an  apparently  inaccessible  place^  viz., 
the  top  of  a  mound  of  dihrix,  or  gross-covered  rubble,  which 
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are  now  in  the  collection  of  Mr  Allan  Scott  of  BalnakeO,  in 
Leith. 

It  was  quite  impossible  to  estimate,  even  in  the  widest 
manner,  the  number  of  puffins  in  this  nursery.  They  may 
be  spoken  of  as  densely  occupying  an  area  of  3  miles,  in 
cliffs  450  feet  high. 

JSText  day  we  went  inland,  but  saw  little  bird-life--dunlins 
and  golden  plover  being  almost  all  the  birds  seen.  We 
visited  a  lonely  loch,  from  which  we  vainly  tried  to  allure  the 
heavy  trout  it  is  said  to  contain. 

In  order  to  complete  my  survey  of  this  north  coast,  I  had 
still  to  visit  Garbh  Island ;  and  for  this  purpose,  a  fine  calm 
day,  with  the  wind  off  shore,  was  chosen,  as  the  journey 
must  be  made  by  boat  Mr  Torquil  Nicholson,  school- 
master at  Durness,  accompanied  me,  and  we  made  a  start 
from  Balnakeil  Bay  about  eleven  o'clock,  with  John  Suther- 
land and  Hugh  M'Leod  as  boatmen. 

Lythe  (Merlangus  pollachius)  run  to  a  heavy  weight  along 
this  coast,  and  are  very  powerful.  They  often  run  up  to  10 
or  12  lbs.  weighty  and  are  in  their  first  rush  stronger  than 
salmon. 

We  shortly  passed  the  entrance  of  the  Kyle  and  the  Glass- 
lag  Bocks,  which  at  high  tide  form  three  islands,  but  are 
united  at  low  tide.  On  the  outermost  and  innermost  are 
colonies  of  herring  and  lesser  black-backed  gulls,  and  a  small 
colony  of  shags.  On  the  centre  island,  it  appears  that  a 
colony  of  Arctic  terns  have  sole  possession ;  and  I  saw  them 
buffeting  and  diving  down  in  mid-air  after  the  gulls,  when 
the  latter  intruded  themselves.  The  Glasslag  Islands  are 
composed  of  limestone,  but  a  little  to  the  west,  on  the 
mainland,  gneiss  commences,  and  there  is  no  more  lime- 
stone—  except  Garbh  Island  —  between  this  and  Cape 
Wrath. 

Garbh,  or  The  Bough  Island,  well  deserves  the  name.  Its 
limestone  is  full  of  fossils,  and  I  obtained  a  few,  but  they  are 
exceedingly  difficult  to  extract,  owing  to  the  very  hard  nature 
of  the  rock.  Many  having  been  taken  away,  they  are  also 
now  more  difficult  to  find. 

The  nests  of  the  seafowl  are  much  disturbed  here.   Puffins 
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naed  to  be  plentiful,  but  their  nnraben  nov  are  qnite  in* 
appreciable,  and  they  have,  for  the  most  part,  taJcen  refnge 
in  the  lofty  d^lrrit  slopes  and  inaccessible  ranges  of  Clo-More 
and  the  coast  towards  Cearvig  Bay. 

Eider  ducks  {Somateria  moUissima)  used  to  breed  sparingly 
here,  as  also  on  the  low  islands  off  Loch  Eriboll,  but  I  saw 
nothing  of  them  except  at  Eilean  Hoan,  where  a  fishetman 
pointed  out  the  site  of  a  last-year's  nest. 

Kittiwakes  (Larus  tridactylua)  frequent  the  cliffs  on  the 
east  side  of  Garbh  in  considerable  numbers,  but  aests  aeemed 
scarce.  The  rock  is  much  whitened  by  the  birds'  excreta, 
and  indeed  it  has  more  the  appearance  of  a  resting  tlian  of  a 
breeding  place.  They  breed,  however,  on  the  mainland  at 
several  points  between  Garbh  and  Cape  Wrath. 

Herring  and  lesser  black-backed  gulls  (£.  arffeniatut  and 
L.  fuacua). — The  former,  which  are  most  abundant,  occupy 
the  rough  top  of  the  island,  but  though  a  number  of  Inids 
were  seen,  but  few  nests  were  found. 

A  single  black  guillemot  {Uria  gryUe)  flew  off  the  top  of 
the  island,  but  I  failed  to  discover  the  nesting-place.  This 
species  is  not  numerous  on  this  coast,  but  occurs  all  along  it 
in  scattered  pairs  oi  small  colonies. 

Sock  pipits,  equally  abundant  here  as  on  other  parts  of  the 
coast 

Guillemots,  very  few ;  Bazorbills,  scarce ;  Shags,  in  oaves. 

The  view  westwards  from  Garbh  Island  embraces  Clo-More 
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I  hired  a  boat  and  two  men  from  Acriesgill,  a  small  hamlet 
on  Loch  Inchard,  and  sailed  out  to  Bulgie  Island,  passing 
through  the  narrow  strait  between  Rhon  Island  and  the 
mainland  near  another  fishing  hamlet  called  Oldshora  Loch 
Inchard  is  a  fine  sea  loch  with  splendid  harbourage,  but 
narrow,  and  about  5  miles  in  length.  There  is  nothing  very 
specially  characterising  the  coast  until  we  arrive  nearly 
opposite  the  open  sandy  bay  at  Loch  Sandwood,  which  is 
guarded  on  its  southern  horn  by  a  fine  but  short  range  of 
cliff,  and  by  the  Buachaille  or  Shepherd,  a  remarkably  fine 
isolated  stack  of  rock.  The  Buachaille  is  about  30  feet 
square  at  the  base,  resting  on  a  solid  platform  of  level  under- 
cliff,  washed  over  by  the  tide  waves,  but  left  bare  as  each 
wave  recedes.  The  Buachaille  maintains  this  massiveness — or 
nearly  so — for  a  height  of  about  80  feet,  and  then  rapidly 
diminishes  to  the  top  120  feet  higher.  The  strata  are  in 
regular  horizontal  layers,  except  on  the  very  summit,  which  is 
rough  and  broken  and  jagged.  As  we  rowed  past  within  30 
feet  of  the  base  we  could  see  a  gull  sitting  on  the  very  highest 
pinnacle. 

Whilst  we  lay  on  our  oars,  admiring  this  majestic  pinnacle, 
a  great  thunderstorm  burst  overhead,  accompanied  by  forked 
lightning,  peals  of  thunder,  and  drenching  rain,  scaring  ever 
and  again  the  sea-birds  from  their  ledges,  and  adding  vastly 
to  the  grandeur  of  the  wild  scenery.  This  storm  rolled  about 
more  or  less  all  day,  passing  out  over  the  sea  towards  the 
Lewis,  and  crossing  the  track  of  a  large  fleet  of  fishing  boats 
which  were  making  their  way  vid  the  Pentland  Firth  to  the 
east  coast  fishery,  their  contracts  at  Stomoway  having  been 
completed. 

On  approaching  Bulgie  Island  from  the  southward,  it 
is  seen  to  consist  of  one  large  rounded  lump,  perhaps 
100  feet  in  height,  with  six  or  seven  outlying  skerries,  all 
more  or  less  covered  with  sea-birds,  either  nesting  or 
resting. 

Two  pairs  of  greater  black-backed  gulls  {Larus  marinus) 
were  perched  on  the  topmost  pinnacles  of  the  skerries. 
Cormorants  and  shags — the  former  scarce,  the  latter  common 
— were  drying  their,  wings  in  the  light  air.    Puffins  were  very 
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abundant  all  along  the  cliff  tops  and  alopes  amongst  the  aea 
pink  tuftSj  and  even  occupying  crevices  in  the  cUfT  face. 
Guillemots  were  plentiful  on  the  west  oi  seaward  side,  lesa 
so  on  the  landwud  side,  where  razorbills  took  the  place  of 
tbeni  to  a  lai^  extent.  Herring  gulls  occupied  the  gras^ 
top  and  interior  of  the  island,  and  kittiwakes  in  a  large 
colony,  but  with  many  immature  birds,  principally  on  the 
north-west  and  west  cliffs,  or  resting  on  the  skerries.  Kock 
pipits  were  not  abundant. 

A  curious  cave  on  the  north-west  side  of  Bolgie  Island  is 
formed  by  a  rent  in  the  i^ock,  which  at  high  tide  is  filled  to 
the  arch  or  nearly  so,  and  at  low  water  is  about  15  feet  in 
height  at  the  entrance.  The  swell  of  the  Atlantic  or  ita  heavier 
waves  rushing  into  this  cave  confines  the  air,  in  what  most 
be  a  much  larger  cavity  within,  which,  being  Uberated  on  the 
gradual  backflow  of  the  wave,  rushes  out  with  a  loud  roar, 
and  casts  the  spray  off  the  wave  tops  nearly  to  the  height 
of  the  cliff  above,  which  at  this  point  is  close  upon  100 
feet.  This  cave  indeed  forms,  as  it  were,  enormous  bellows, 
and  it  is  said,  during  certain  conditions  of  the  atmosphei^ 
the  roar  of  its  voice  can  be  heard  by  ships  a  mile  or  more 
at  sea. 

After  rowing  round  the  island  the  boat  was  backed  to  Uie 
landing-place,  a  shelf  of  rock  on  the  east  side,  and  one  of  the 
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The  view  from  Bulgie  Island  embraces  the  coast  to  the 
south  as  far  as  Ehu  Stoir,  but  Handa  Island  conceals  a  large 
portion  of  the  coast  of  Aardvaar.  Handa  itself  is  well  seen, 
and  all  the  nearer  coast,  except  of  course  the  deep  fjords  or 
sea  lochs  of  Inchard  and  Laxford.  Nearer  still  are  various 
skerries  and  Bhon  Island.  To  the  north  we  see  again  Cape 
Wrath  and  the  lighthouse,  and  the  intervening  rugged  coast- 
line, including  the  Buachaille  and  Loch  Sandwood,  almost 
immediately  opposite  Bulgie  Island.  The  position  of  Loch 
Guisgach,  the  lonely  loch  of  the  big  trout,  which  I  visited 
from  Gearvig  was  easily  determined,  so  I  may  be  said  to 
have  pretty  accurately  joined  to-day's  survey  of  the  coast 
with  that  of  the  days  I  visited  Gape  Wrath  and  Loch 
GuisgacL 

The  vegetation  of  Bulgie  Island  is  somewhat  richer  and 
more  varied  than  most  similarly  situated  islands  on  our 
British  coasts.  I  gathered  besides  the  bladder  campion,  sea 
pink,  and  sorrel,  a  coarse  camomile  and  a  wild  parsley,  and 
also  Cochlearia  ojicinalis  in  great  luxuriance,  besides  several 
others.  > 

Of  birds  the  ordinary  rock  species  were  present  and  fairly 
abundant,  but  rock  pipits  were,  curiously  enough,  rather 
scarce. 

On  another  occasion  I  hope  to  continue  my  ornithological 
survey  to  the  east  of  Whiten  Head. 
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NOTES  AND  BE1CABK8. 

No.  7. 
If  along  with  other  species,  mention  the  names  of  the  latter 

here : — Bedstarts,  many  more  of  the  Pied  Flycatchers,  Hedge  Sparrows. 
The  Head  Lightkeeper  and  two  of  his  assistants  chased  these  birds  till  the 
birds  were  tired,  and  caught  them,  and  also  a  tine  adult  male  Common 
Redstart 

Destination  of  Specimen. — Possession  of  Mr  John  Gilmour,  Head- 
keeper,  Pentland  Skerries. 

Recorded  in  this  Volume  (YIIL,  p.  498)  of  Proc  Ray.  Phys.  Soe.,  1885. 

Footnote.— Remarks  may  consist  of  fturther  Field  Dissection  or 
Cabinet  Notes  of  Recorder. 

Birds  sent  me  for  identification,  and  stuffed  by  Mr  M'Leay  of  Inyemess 
for  Mr  Gilmour,  10th  May  1885. — Auet.  J.  A.  Habyib-Brown. 

Na  8. 

Killed  at  the  Untem  at  0*80  A.M.,  24th  May  1885. 
Isle  of  May  Collection  (Temp.  Curator,  Mr  Joseph  Agnew). 
Recorded   in   this   Volume  (VIII.,  p.   498)  of  Proe.   Roy,   Phys.   Soe. 
Edinbui^h,  1885. — J.  A.  Habyib-Brown. 

No.  11. 

Unfortunately  this  specimen  wants  the  tail,  still  it  will  be  useful  in  the 
Isle  of  May  Collection.  Mr  Evans,  daring  a  subsequent  visit  to  the  Isle  of 
May,  actually  picked  up  some  of  the  feathers  of  this  bird,  which  have  since 
been  restored  to  the  specimen.  Another  Wryneck  was  captured  at  N.  Unst 
Lighthouse  on  9th  September  (see  Migration  Schedules  for  1885). 

Destination  of  Specimen. — Isle  of  May  Collection  (J.  Agnew,  present 
Curator). 

Recorded  in  this  Volume  (VIIL,  p.  498)  of /Vac.  Roy.  Phys.  Soc.,  1885. 
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SESSION   CXIII. 

Wednesday,  Tlst  November  1883.— Ramsay  H.  Traquair,  M.D.,  F.R.S., 

President,  in  the  Chair. 

The  following  gentlemen  were  elected  as  Ordinary  Fellows  of  the  Society  : 
Charles  Fraser ;  George  Sheriff. 

An  Opening  Address  was  delivered  by  Professor  Archibald  Geikib, 
LL.D.,  F.B.S.,  on  "The  Origin  of  Coral  Reefs." 


Wednesday,  19tA  December  1883.— Dr  Traquair,  F.B.S.,  President,  in 

the  Chair. 
The  following  Office-Bearers  were  elected : 
PresidentS'^BjkMSKY  H.  Traquair,  M.D.,  F.R.S. ;  Benjamin  N.  Pbacu, 

A.RS.M.,  F.R.S.E. ;  John  A.  Harvik-Brown,  F.R.S.E.,  F.Z.S. 
Secretary — ^Robert  Gray,  Y .  P.  R.  S.  £.       AssiUafU-Seeretary—Joiiin  Gibson 
TretLturer-^JLAB,  Prentice,  C.A.,  F.R.S.E.     Librarian— Z.  T.  Gray,  M.A 
CoiMio^^orf— T.  B.   Spragae,   M.A. (Cantab.),   F.R.S.E.  ;    William    Evans 
Andrew  Wilson,  L.D.S.  ;  A.  C.  Stark,  M.B. ;  Patrick  Geddes,  F.R.S.E. 
Frank  E.  Beddard,  M.A.(Oxon.),  F.R.S.E. ;  Johnson  Symington,  M.B. 
etc. ;  Andrew  Moffat;  John  Hunter,  F.C.S. ;  R  Sydney  Marsden,  D.Sc. 
F.B.3.K  ;  Robert  Kidston,  F.G.S.  ;  A.  B.  Herbert 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society 
William  Qemmell,  M.B.,  CM.  ;  Alexander  Adam;  Alexander  Black,  M.B. 
CM.,  M.RCP.E.  ;  Thomas  Dudding8ton  Wilson,  M.A.,  M.B.,  F.RCS.E. 
David  Hepburn,  M.B.,  CM.  ;  Charles  Kennedy,  M.B.,  CM.  ;  George  W, 
Dickson,   M.B.,  CM.,  M.A.  ;   Lieut.  R.   M.   Richardson;  John  Cowper 
David  Lindsay,  M.B.,  CM. ;  J.  Evans  Jackson ;  A.  H.  W.  Clemow,  M.B. 
CM. ;   A.   W.   Hare,    M.B.,   CM.  ;    Professor   J.   Cossar   Ewart,   M.D. 
F.R.3.E. ;  Robert  Mitchell ;  John  Henderson  ;  A.  F.  Bowie. 

The  following  gentleman  was  elected  an  Honorary  Fellow  of  the  Society 
Archibald  Geikie,  LL.D.,  F.R.SS.L.  k  E.,  Director  General  of  the  Geo- 
logical Survey  of  Great  Britain  and  Ireland. 
The  following  communications  were  read : 

1.  «  Notes  on  the  genus  Oyraeanthtu."    By  R.  H.  Traquair,  M.D.,  F.R.S. 

2.  "  On  a  Specimen  of  Pecopteris  {t  polymorj^,  Brongt )  in  Circinate  Verna- 

tion, with  remarks  on  the  genera  Spiropteris  and  BhizomopUria  of 

Schimper."  By  Robert  Kidston,  F.G.S. 
8.  "On  a  new  Species  of  SchiUzia  from  the  Calciferoos   Sandstones  of 

Scotland."  By  Robert  Kidston,  F.G.S. 
4.  "On  the  Structure  of  Sarcodictyon,**     By  Professor  W.  A.  He&dman, 

D.Sc.,  F.R.S.E. 


2  ProeeedirufS  of  the  Royal  Pkyeieal  Society. 

"  N'otc*  on  the  [•liinli  of  8ula  Sgeit  or  ITortb  Bam,  mnd  North  Koiii, 

with  ■  lilt  of  the  Birdi  iiihabitiog  theoi."    (Spedmeiu   exhibited.) 

By  Jobs  Swixbi-bxb,  Zm. 
"Ou  the  Oecnrnnce  of  tlie  Little  Gnll  {Lana  munUttt)  in  the  islud  ot 

North   L'uit."      Bj  Joh:(   A.   Hakvib-Bmwx,    T.Z.8.       (Specimen 

exhibited.} 
"Exhibition   of  &  Skeleton  of   the   Hoa  {Diaonuj  didffitmiiM)."      bj 

W.  E.  IIoTLE.  U.A.(Oioii.),  F.B.B.E.,  ate 
"Od  the  Occaiream  of  the  Ouprey  {Pamiioit  JialiiBttia)  in  Uidlothiui." 

(Specimen  exhibited.)    By  Dr  TaxqiTAiB,  F.B.S. 


Wednadan,  lUA  January  ISH.—J.  A.  HARVIB-Buw.t,  P.B.aE..  F.Z.S., 
PreeiJent,  in  the  Chair. 

The  folloiring  itentlemeik  were  elected  Onlinir;  Fellowi  of  the  Sodetj: 
Rer.  H.  A.  UKpherson,  M.A.(Oion.);  J.  T.  Cannioghkni,  RA.{Oion.), 
F.B.S.E.  ;  Robert  Yonng;  Alfred  Be«nmont ;  Georga  Johiuton  ;  Thomu 
Shmw. 

The  following  eomnnnicationi  were  reed : 

1.  "KoteonIiitn-epitheliilC«iiilUrie*in  (Mv<«Jk<*<<>-"    Bj F.  B.  Bkhpakp, 

U.A.(Oioa,),  F.aS.E. 

2.  "TheGeognoey  of  the  lUn  Uoantaiiu — with  eihibitioD  of  tha  Bocki  and 

UatallicUinenU  of  the  region  deecribed."    By  U.  Uoubrat  Cadbu, 
aSc,  H.M.  Gwilogical  Smyej  of  Scotland. 

3.  PrafeeaoT  J.  ComxK  Ewabt  exhibited  with  Remarka  a  Spochoen  of  an 

Electric  Ray  ( Tarptdo  tuMliana)  taken  by  n  ttawler  near  WiiA  in 
January  ISSi. 

iredHaday,  20lk  Afrntary  18Si.— Dr  TR.VQVAiit,  F.R.&,  TtMideat,  in 

the  Chair. 

The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Sodety: 

Jamet  E.    A.    Fergueon  i    Robert  Lindtay;    rrofeasor  J.   Oeikie,    F-ILS. ; 

Ualcolm  Lanrie. 
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2.  "Revised  List  of  British  Ophiwroidear      By  W.   E.   Hoylb,    M.A., 

f .  B.  S.  Jit. 

3.  '<The  Scottish  Metol  Mines— the  Breadalbane  Mines."     By  J.  S.  Grant 

Wilson,  and  H.  M.  Cadell,  B.Sc. 

4.  "Description  of  easy  Method  of  Stocking  Herring  Spawning  Beds."    By 

Professor  J.  Cossar  Ewart,  M.  D. 

5.  Exhibition    of    Marine    Zoological    Specimens:    (1.)    Albino    Haddock 

{Oadtis  jBglifinus).  (2.)  The  Great  Forked  Beard  {Phyds  blennioides) 
from  Stonehaven.  (8.)  Tadpole  Fish  (Baniceps  trifurcatus)  from 
S.  Queensferry.  (4.)  Power  Cod  (Oadua  minutua)  from  Eyemontb. 
Professor  Ewakt  also  exhibited  the  Spawn  of  the  Herring  in  various 
stages  of  development  attached  to  stones  and  zoophytes  dredged  off 
Ballantrae,  some  of  the  young  being  already  hatched. 


Wednesday,  2Sd  April  1884.— Dr  Traquair,  F.R.S.,  President,  in  the  Chair. 

The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society : 
Martin  White  ;  John  C.  Oliphant ;  J.  C.  Wright ;  M.  J.  Petty. 

The  following  communications  were  read  : 

1.  "On  Boulder  Glaciation  and  Striated  Pavements."     By  Hugh  Miller/- 

F.G.S. 

2.  "  On  Scottish  Fossil  Cycadaceous  Leaves,  contained  in  the  Hugh  Miller 

Collection,   Museum  of  Science  and   Art."      By  J.   T.   Richards. 
(Communicated  by  Dr  Traquair. ) 

3.  "  List  of  Shells  and  Zoophytes  from  the  Firth  of  Forth,"  not  hitherto 

recorded  in  the  Society's  Proceedings.    By  John  R.  Henderson. 

4.  Exhibition  of  Specimens  illustrative  of  the  Silver  Districts  of  Colorado 

(Leadville  and  San  Juan),   collected  by  Mr  H.   Gunn,   A.RS.M. 
(Communicated  by  Andrew  Taylor.) 

5.  The  Secrxtaky  exhibited  a  Specimen  of  the  Calandra  Lark  {Alavda 

Cctlandra)  from  the  neighbourhood  of  Madrid,  showing  a  peculiar 
malformation  of  both  mandibles. 

6.  Exhibition  of  a  Specimen  of  the  Black  Redstart  {RiUicilla  titys,  Scop. ), 

taken  last  month  on  the  Pentland  Skerries,  Pentland  Firth.  By  John 
A.  Harvie-Brown,  F.R.S.E. 

7.  The   Secretary  reported   the  Occurrence  of   the  Stockdove  (Columba 

ceruu)  in  Roxburghshire,  a  Specimen  having  been  taken  during  the 
present  month  in  a  rabbit  trap  by  Mr  Telfer,  Eckford,  in  that  county. 
The  bird  was  a  female,  and  was  examined  and  identified  by  Mr  James 
Watson,  Jedburgh,  who  sent  a  communication  to  Mr  Gray  on  the 
subject. 


SESSION    CXIV. 

Wednesday,  I9th  November  1884.— Dr  Traquair,  F.R.S.,  President,  in  the 

Chair. 

The  following  gentleman  was  elected  an  Ordinsry  Fellow  of  the  Society  : 
T.  F.  Robertson  Carr. 

An  Opening  Address  was  delivered  by  Dr  Traquair,  F.R.S.,  on  "Biological 
Nomenclature." 
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Tbi  followiiig  birds  wore  eihibitad  bj  the  SscMtar;  on  bebslf  of  Ur  J.  A. 
Harrie-BrowD  :— (1.)  Bluk  RudsUn  (male)  (RtUieilta  titj/s.  Scop.),  chich 
WM  (hot  on  th«  Isia  of  Maj,  24th  October,  by  Mt  J.  Aguew  ;  (S.)  I^uh'i 
Petnl  {Thatatidnma  Leadiii),  which  wt  taksn  on  Uia  Lighthaiua  at  Ginllc- 
DMi,  Aberdeeiuhira,  daring  tlie  pMt  month. 


Weinaday,  17U  D»etmher\iU.—B.  N.  Psach,  F.G.8.,  F.E.8.&.,  Pnodcat, 
in  the  Ch«T. 
The  following  gentlemen  were  etecled  Ordinary  Fellowi  of  the  Society : 
A.  Hilne-Mumy,  M.A.,  M.a  ;  Laurence  II.  Wight,  M.A.  ;  A.  D.  Webrter, 
H.D. ;  Kev.  J.  Kerr  Campbell;  Charlea  E.  S.  Chambere;  Edwin  Buly, 
H.B.,  CM.  ;  C.  Heron  Watsuti ;  J.  A.  Aimitage,  B.A.  ;  W.  Sawen  Scott ; 
Rav.  A.  B.  Morris  ;  Jermid  H.  Feuton  ;  George  Barrow ;  John  Rattny, 
H.A.,  B.Sc  ;  Henry  B.  BaiMon,  B.A.(Cantab.) ;  H.  H.  Qnnn,  A.aS.U.  ; 
Lionel  Hinxman  ;  William  Watiion,  M.D. ;  U.  U.  Howell  ;  J.  K.  Brown. 

The  following  Office-bearers  were  elected : 
ProiiJcnl*— EN.  Peaok,  F.G.S.,F.R.S.E.;  J.  A.  Habtii-Bbowm,  F.B.S.E., 

F.Z.S.  ;  Profflwior  John  Dumb,  D.D,,  F.R.8.E. 
Stentarg — Robbrt  GsAr,  V.P.R.S.E.     AMtittani-Sterrtary — John  Gibwx. 
Trtaturtr — Cuablbs  Pbkntick,   C.A.,   F.B.3.E.      Libraria* — &    Stdkbt 

Marhdbh,  D.Sc,  F.B.a.E.,  F.C.S. 
Cottnaltorv—Patrirk  GedJea,  F.RS.E.  ;  Frank  E.  Beddard,  H.A,(Oxan.)i 
JohasonSymingto&,M.B.,C.H.iAodrew  Moffat  1  John  Hnntcr,  F.C.S. ; 
Robert  Eidatoa.F.O.S.;  A.  B.  Herbert;  W.  £.  Hoyle,  U.A.,  U-KCS.; 
ProfeBsor  J.  Geiki*,  LL.D.,  F.B.S,  ;  Profeasor  J,  Coaaar  Ewart,  ILD.  ; 
G.  Sims  Woodhesd,  U.D.,  FK.C.P.Ed.  ;  Hugh  MiUer,  F.R.S.K 
The  following  comma nicationa  were  read  : 

1.  "On  Loligopiu  and  »ame  other  Genera."     By  Wir.   E.  H0TI.B,  U.A., 

H.R.C.S.     Mr  HoYLB  also  exhibited  a  Specimen  of  Sirongyhia  tot- 
toHut  (Rud.). 

2.  "  Method  of  Consolidating  and  Preparing  Tlijn  Sections  of  Friable  and 
Decomposed  Rocks,  Snnds,  Clays,  Ootes,  and  other  Granulated  Sab- 
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Arthur  C.  Younan,  BiLB.,  CM.;  Ernest  F.  Cox,  L.D.S.;  W.  Owen  Williams, 
M.R.C.V.S. 

The  following  gentlemen  were  elected  Corresponding  Fellows  of  the  Society : 
Professor  A.  £.  Kathorst,  Stockholm ;  Professor  Gostav  Lindstrdm,  Stock- 
holm. 

The  following  communications  were  read  : 

1.  "Remarks  on  the  Ovary  of  Echidna.^'    By  Frank  E.  Beddard,  M.A., 

F.  K«  S.  £. ,  F.  Z.  S. 

2.  "Investigations  on  the  Movements  and  Food  of  the  Herring, 'with  additions 

to  the  Fanna  of  the  Shetland  Islands."    By  Fred.  G.  Pearcey. 

3.  "  Notes  on  the  Birds  of  the  Island  of  Eigg."    By  Wm.  Evans,  F.R.S.E. 

4.  Exhibition,   with   Remarks,  of  Impressions  of  Raindrops,  Recent  and 

FossiL  By  Robert  Kidston,  F.G.S. 
6.  Exhibition,  with  Remarks,  of  a  Specimen  of  Larus  KurrUUni  from  Cum- 
berland Inlet ;  also  of  Laras  Sabini  and  other  Species  of  Arctic  Gulls. 
By  J.  A.  Harvie-Brown,  F.R.S.E.,  F.Z.S.  Mr  Harvie- Brown  also 
exhibited  a  specimen  of  the  Little  Gull  {Larus  mintUiu),  shot  on  17th 
December  at  Kiiicardine-on-Forth,  and  a  Specimen  of  Forked-tailed 
Petrel  (Thai  Leaehii)  from  the  Isle  of  May,  shot  on  15th  August  1884. 


Wednesday,  l^th  February  1885.     Professor  J.  Duns,  D.D.,  President, 

in  the  Chair. 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society : 
George  Brook,  F.L.S.  ;  Percy  M.  Turnbull ;  W.  Ivison  Macadam,  F.C.S. 
The  following  communications  were  read  : 

1.  **  On  Fossil  Bones  of  Mammals  obtained  during  Excavations  at  Silloth." 

By  Professor  W.  Turner,  M.B.,  F.R.S. 

2.  "On  some  Modifications  of  Recording  Apparatus  for  Physiological  Pur- 

poses."   By  R.  Milne  Murray,  M.A.,  M.B. 
8.  "On  a  New  Fossil  Fish — Elonichthya  muUistriattu  (Traq.),  from  the 
Blackband  Ironstone  of  Gilmerton."    By  Dr  Traquair,  F.R.S. 

4.  "The  Aeration  of  Marine  Aquaria."    By  George  Brook,  F.L.S. 

5.  "On  a  New  Modification  of  Lunge's  Nitrometer."    By  John  Hunter, 

F.C.S. 


Wednesday,  IBih  March  1885.— B.  N.  Peach,  F.G.S.,  F.R.S.E.,  President, 

in  the  Chair. 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society : 
Harold  Raebum  ;  J.  Macdonald  Brown,  M.B.,  CM. ;  Sidney  E.  Greg;  W. 
H.  Barrett,  M.B.,  CM. 
The  following  communications  were  read : 

1.  "  On  certain  Peat  and  Tarn  Deposits  in  the  North  of  England."    By 

HuoH  Miller,  F.G.S. 

2.  "On  some  New  or  little  known  Fossil  Lycopods  (Carboniferons)."    By 

Robert  Kidston,  F.G.S. 
8.   "On  the  Chemical  Composition  of  some  Samples  of  Scotch  Ensilage." 

By  W.  IvisoN  Macadam,  F.C.S.,  etc 
4.   "Caseous  Tumours  found  in  the  Muscles  of  the  Hake."    By  G.  Sims 

WooDHSAD,  M.D.,  F.R.CP.Ed. 


Proceedings  of  the  RoytU  Physical  Society. 


Wedtiaday,  IM  Aprii  18SG.— ProfeMor  J.  Dtnrs,  D.D.,  Preudent,  in  tba 

Chair. 
The  following  gentlemen  were  elected  Ordiiury  Fellom  of  tbe  Society : 
k\tn\  C.  WikoD ;  fiev.  Jamet  H'Naaght. 

The  following  comninnicationa  wera  read  i 
1.  "On  Beprodnction  of  Loet  Putt  and  A1»iorm*li^."    B7  PrafeaMT  J. 

Duns,  D.D. 
S.   "Notes  on  Contorted  Shalei  below  tbe  Till  In  Cral^uth  Quanr," etc  ■ 

By  H.  M.  Gadelx,  B.Sc 
8.   "  Notea  on  the  StrnctDre  of  a  New  Specie*  of  Etrtbworai   belonging 
lotlie){Gnaa^aHUA«biiua(B.  P.}."    B7  Fruik  &  Beddabd,  ILA., 


tFtdnetday,  itUk  May  1S85.— Profenor  J.  DnvB,  D.D.,  PreaideDt,  in  tbe 

Cbair. 
Tbe  followinfi  gentlemen  were  elected  Ordinary  Fellows  of  the  SoolMy: 
T.  B.  BnckUy,  B.A.,  F.Z.a.  ;  Bobert  F.   Bmt ;  John  ICacgregor,  L.B.CP. 
andS. 
The  following  commiinicatians  were  read : 

' '  On  New  Belachian  Kenuina  from  the  Calcilerolu  Sandstone  Series."   By 
Dr  TkAQUAiB,  F.R.S. 
.  (1.)  " ObaerratioDs  on   Living  Cepbalopoda. "      (2.)  "Note  on  Leiiga 
P»rit*ii,  StecuL"    By  W.  E.  Hotlb,  M.A. 
"CnseoiiB  tHcer  in  Skin  of  Cod."     By  0.   Sins  Woodbud,   U.D., 

F.B.C.P.Ed. 
"  Note  on  tbe  Paired  Dorsai  Ve«sel  of  certain  Earthworm*."    By  F,  E. 

Bbddabd,  H.A.,  F.Z.S 
"Tbe  North- West  Coast*  of  Sntherknd  and  their  Bird  life."    By  t.  A. 
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UniTcnitf  Litmiy. 
J  Hnttuhira    Bodetr  of   Nttonl  BdiMea,    SatanI   Hntory 

Uiiivenitf  Libnrf. 


N'atunl  Hiitoty  uid  PhUosopUcal  Soeietj. 
Hojril  Iriih  Aodun;,  10  DawioD  SbMt. 
iCuyU  Dublin  Sodetj,  KiliUri  Stewt. 


OOLONlEa. 
.     Royal  Society  of  South  Atutnlli. 
rA,       .         .     iUlfttic  Society. 

I  Library  of  Qeologiol  Borny,  The  UoMani,  Sonoz  Stiwt, 
l         OtUwa. 
.     Royal  Society  at  Canada,  Ottawa. 
,    The  Canadian  Inititute,  ToroDto. 

.    The  Hlitoricd  and  Sdantitie  Soolety,  WtaQip«A  Uanltoba. 
Qiimd's  (JnlTorsity,  Kingston. 

r  NoM  ScoUa  Inntitata  of  Natural  Soiene^  Halila^  Kora 
■\         Bcotla. 
■  (loini  Uofi,    TUa  OhaerTaloiy. 
iKNl,  .        .    Royal  Society  of  VIeteria. 
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Bordeaux, 
Brucbn,  . 

BlUUNBCHWKIO, 


BIain, 


Bruisblb, 

Do. 
CHRiarriANiA,    . 
Do. 

CODfBRA,  POBTUQAL, 
COFBNHAOSN, 

Do. 
Chsrbouro, 
Dresden, 
EIlberfeld, 
Erlavoen, 

FRAKKFOBT-<»r 

Geneva,   . 

gottinoen, 
Halle,     . 
Hermannstadt, 
Jena, 
Leidbii,    . 
Leipzig,   . 
Lisbon,    . 
Madrid,  . 
Milan, 

Do. 
Moscow,  . 
Munich,  . 
Neufchatbl, 
Paris, 

Do. 

Do. 

Do. 

Do. 
Prague,  . 
Rome, 
St  Petersburo, 

Do. 
Stockholm, 
Stuttgart, 
Trieste,  . 
Turin,     . 

Utrecht, 
Ufsala,  . 

VlBNHA,    . 
W'URZBURO, 
ZUBIOH,     . 


La  Society  LinneeQQe. 

Vereiu  fUr  Natorwissenschaft. 

Natarwiflsenachaftlicher  Vereiu. 
(  Acad^mie  Royale  des  Sciences,  des  Lettres,  et  dt-s 
(         Beaux  Arts. 

La  Soci^te  Beige  de  Microscopie. 

University  Library. 

Det  Naturhistoriske  Selskab. 

University  Library. 
( KongeL  Danske  Videnskabemes  Selskab  i  Kji$ben- 
^        havn. 

Natnrfaistoriske  Forening  i  KjdbenhavB. 

Soci^t^  Nationale  des  Sciences  Naturelles. 

Konigliche  ?ammlnngen  fiir  Kanst  und  Wissenschaft. 

NatuTwissenschaftlicher  Verein. 

UnlTersity  Library. 

Senckenbergische  Naturforschende  OeseUsdiaft 

Soci^t^  de  Physique  et  d*Histoire  Natorelle. 

Konigliche  Oesellscbaft  der  Wissenschaften. 

Kaiserliche  Akademie  der  Nfttorforscber. 
,  Austria,    Siebenbtirgischer  Yerein  fiir  NatarwisseMehaft 

Medicin-Natnrwissenschaftliche  Oesellscbaft 

Der  Mnsenm. 

Konigliche  Siicbsische  Gesellschaft  der  Wissensebaften. 

Academia  Real  das  Sciencias  de  Lisbon. 

Real  Academia  de  Ciencias. 

Reale  Istituto  Lombardo  di  Scienzp,  Lettre  ed  Arti. 

Societi  Italiana  di  Scienze  Naturali. 
Soci^t4  Imp6riale  des  Natiiralistes  de  Moscou. 

K&nigliche-Bayerische  Akademie  der  Wisseuschaften. 

Sod^t^  des  Sciences  Naturelles. 

Acaddmie  des  Sciences  de  I'lnstitut. 
( Socidtd  'Geologique   de   France,  7   Rae   du   Grand 
(         Augustine. 

(  Socidtd   Zoologique   de  France,  7    Rue  du   Qrand 
I         Augustine. 
Socidtd  de  Biologic. 
Ecole  des  Mines. 
Kdnigliche'B^bmiscbe  Gesellschaft  der  Wissenschaften. 

Reale  Accademia  dei  Lincei. 

Acaddmie  Impdriale  des  Sciences. 

Imperial  St  Petersburg  Botanic  Garden. 

Konigliga  Svenska  Vetenskaps-Academie. 

Verein  fiir  Vaterliindische  Naturkttnde  in  Wttrtemberg. 

Society  Adriatica  di  Scienze  Natorali. 

Reale  Accademia  delle  Scienze. 

Provinciaal   Genootschap    an   Knnsten    en  Weten- 

schappen. 
Kongliga  Vetenakaps-Societeten. 
Zoologisch-Botanisohe  Gesellschaft,  Herrengasse  13. 
Physikalisch-Medidnische  Gesellschaft 
Die  Sohweiierische  Natnrforschende  Gesellschaft. 
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Inparul  Uninnltjr  of  Toklo, 


BUTIMOU,        . 

.    Johns- Hopkiu  UnlTniit)'  Lilmry. 

Boston,    . 

,     America  AMdemy  ot  Art*  uiJ  Scienoa*.                     i 

Do.        .        .        . 

.     Society  of  Nilnral  llislory. 

CuiBRUHW.  Mass.,  U. 

i.     liMvu-d  Univenity  Lilmry. 

AdulMDy  or  Science*. 

CwcnwiTi,     . 

.    Society  of  Natural  History,  lOS  Bnwdwsy. 

Uuico,  . 

.     MinisUrio  Ue  Fomento  d»  I*  Republic.  Heiicui*. 

K<WHi.VK»,  U.S.,     . 

Do. 

Niw  Yoke,     . 

.     8UtB  Libnu-y,  Albaoj. 

OHIO.          .          .          . 

Philasclphu, 

.     Academy  of  Nsturnl  Sdsncen. 

SlO  Dl  Jaxbw), 

.     Mdhk  Nuionnl. 

Bur  TiuraiBoo. 

.    The  Cilifomiui  Ac»d«iiy  of  Science*,  8sa  FraitciM 

8r  Lomi.  .      .       . 

.    Acwiemyof  Sdeoou. 

TAunoKw,   , 

Dd.          .       . 

DONATIONS 


TO  THE 


LIBRAfiY  OF  THE  ROYAL  PHYSICAL  SOCIETY 

SESSIONS  1883-84  and  1884-85. 


Qaarterly  Journal  of  the  Geological  Society,  London,  Nos.  154,  155,  156  ; 

Vol  89,  Nos.  157  and  158.     Fr<mi  the  Society, 
Journal  of  the  Boyal  Geological  Society  of  Ireland,  Vol.  6,  Part  2.     From 

the  Society, 
Transactions  of  the  Zoological  Society  of  London,  Parts  8,  9,  Vol.  11.     Prom 

the  Society, 
The  Journal  of  the  linnean  Society  (Zoology),  Nos.  98  to  108.     From  the 

Society. 
Proceedings  of  the  Natural  History  Society  of  Glasgow,  Vol.  5,  Parts  2  and  3  ; 

VoL  1,  Part  1,  New  Series.     From  the  Society, 
Transactions  of  the  Royal  Society  of  Victoria,  Vols.  19  and  20.     Frotn  the 

Society, 
The  Journal  of  the  Cincinnati  Society  of  Natural  History,  Vol.  6,  Nos.  1,  2, 

8,  4 ;  Vol.  7,  Nos.  8  and  4  ;  Vol.  8,  No.  1.     Fr<m  the  Society, 
Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  Parts  1,  2, 

8,  1882  ;  Parts  1,  2,  3,  1883  ;  Parts  1  and  8,  1884  ;  Part  1,  1885  ;  also 

for  the  years  1857'65,  and  1868  and  1876.     From  the  Academy, 
Congressional  Directory,  hy  B.  P.  Poore.    From  the  U,S,  Oovemm^nt. 
Proceedings  of  the  Canadian  Institute,  Toronto,  Vol.  1,  Nos.  4  and  5 ;  Vol. 

2,  No.  8  ;  Vol.  8,  No.  1.     From  the  InstituU, 
List  of  Animals  in  the  Gardens  of  the  Zoological  Society  of  London,  1883, 

clot?^     From  the  Society. 
Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution  for  the 

Years  1881,  1882. 
Mathematische  und  naturwissenschaftliche  Mittheilungen  aus  den  Sitzungs- 

herichten  der  koniglichen  preussischen  Akademie  der  Wissenschaften 

zu  Berlin,  1882,  1883,  1884  and  1885,  hft  1  to  5.    From  the  Academy. 
Annales  de  TOhsenratoire  de  Moscou,  Vol.  9,  Parts  1,  2,  1888. 
Annuaire  de  I'Acad^mie  Royale  des  Sciences  des  lettres  et  des  Beaux  Arts  de 

Belgique,  1882,  1883.     Fnm  the  Academy. 
Bulletins  de  TAcad^mie  Royale  des  Sciences  des  lettres  et  des  Beaux  Arts  de 

Belgique.     Third  Series,  Vols.  1,  2,  1881 ;   Vols.  8,  4,  1882 ;   and 

Vol.  5,  1888.     From  the  Academy. 
Oversigt  over  det  Kongelige  Danske  Vldensk.  Selsk.  Forhandlinger,  1882, 

1888, 1884  ;  and  1885,  No.  1.     From  the  Boyal  Academy,  Copenhagen. 
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NitourkuDdig  Tudwhrift  roar  Nederlandtcb  Indie,  Tol  41,  Put  Z ;  ToL  11 
ZcitMlirift  dn  dcutiL-licn  ({nilogiiichen   Oewlljchan:,   Vol.   25,   I^rta  1,  i; 

Vol.  35,  Pirt  8  j  Voli.  S0,  ftud  ST,  hCL  I  (1886).     .fVoM  tJU  StdUt. 
rroceediiig*  of  the  Sodct;  for  Pijcliical  Beacatdi,  VoL  I,  Parta  2,  t.     fnm 

lie  Soeirtg. 
Seientiflc   I'nx-ceilingi  of  tUe  Ohio   Hecbuin'  Inttitnte,   Vol.    I,  Kd.  Si 

Vol.  2.  No.  9.     Fnm  Ae  IiutUuta. 
Dullrtin  de  la  Society  Zoologiqiu  de  France  Tor  ISSStnd  1864.       FromOti 

Sodtty. 
Proceeilinfpi  of  the  Oeoln^^irta'  Auociation,  Vol.  1,  10  Parta  ;  ToL  1,  hrt  I ; 

Vol.  3,  Part  6  ;  Vol.  6,  Part.  8,  1 ;  Vol.  8,  No*.  2,  3,  6.  6,  8  ;  ToL  (, 

No.  I .     From  (Ac  AsnciatitM. 
Tranaactiona  of  the  Geological  Society  of  Ola^ov,  Tol.  1,  Part  2 ;   VoL  I ; 

Vol.  G,  Fart  1  ;  Vol.  e.  Part  1  ;  Vol.  7.     From  tht  Seeiay. 
American  Journal  of  Uathematica,   Vola.   3-7,   Part  %     AfMn   tlU  J«li—- 

Ilopiint  U/tivertity. 
Ameri<'nn  Chemical  Joiimal,   Vola.  l-ll,   No.  6.      From  the  JehmtS^Uiit 

UHivtTnty. 
Uiiiveraitj   Oirculan,  VoIm.   1-4,  Noa.  M-SB.     Awn   O*   Jolkiu-BiipHu 

UKieerntg. 
Trenaactiona  of  the  Norfolk  and  Norwich  Nataraliata'  8ocnt7,  Told  1,  3, 

and  3.     ^rvm  A<  Saeicfji. 
Acta  Ilorti  Petrapolitani  (I'roceedinf^  of  the  Imperial  Botanic  Oardoi  of  St 

PeteraburK),  Tome  fl,  Part  2,  to  Tome  9,  Part  I.     From  Oe  ZHr^etor. 
Quarterly  Journal  of  tlie  Geological  Society,  Vol.  10,  Parta  3  and  4  ;  ToL  11, 

Part  1  (lESG).     From  the  SxUtt). 
Journal  and  Proceeding)!  of  the  llamiitun  Aasociation  of  Canada,  Tol.  I, 

Part  1  (1S82-83).     From  the  AmcialUm. 
Memoirs  of  the  Wemerian  Society,  VoL  1.     Purehaaed, 
History  of  the  Royal  Medical  Society,  by  Dr  Williau  Stkoi'D, 

1810.     From  llie  Socielg. 
Tranaactiun*  of  the  Edinbnrgh  Geological  Society,  Tol.  2,  I^rt  8. 

Soeit-ti/. 
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Proceedings  of  the  Belfast  Kattural  History  and  Philosophical  Society  for 

1871-72  and  1874-84.    From  the  Society, 
Jahreshefte  des  Vereins  fiir  Yaterlftndische  Nataikunde  in  Wftrttembnrg, 

1878>84  (7  Yols.) ;  and  1885,  hffc.  1.     From  the  Society, 
Smithsonian  Miscellaneous  Collections,  Yols.  12-27.    From  the  IrutituU. 
Smithsonian    Reports   for   1853.54-57-64-66-67-70-78-74-75-76.      From  the 

InstUuU, 
Proceedings  of  the  Linnean  Society  of  London,  November  1882  to  Jane  1888. 

From  the  Society, 
Proceedings  of  the  Berwickshire  Katuralists'  Club,  Yol.  10,  Nos.  1  and  2. 

From  the  Club, 
Studies  in  Microscopical  Science,  Yol.  1.     From  the  Editor, 
Check  List  of  Insects  of  the  Dominion  of  Canada  compiled  by  the  Natural 

History  Society  of  Toronto,  July  1883.     From  the  Society, 
Jahresbericht  des  Yereins  fOr  Erdkunde  zu  Dresden,  18,  19,  and  20. 
Annuario  del  Observetorio  Astron6mico  Nacional  de  Tacubaya  for  the  year 

1884. 
Revista  Mansual  Climato  logica,  Yol.  2,  Ko.  12.    From  the  Mexican  Oovem-' 

merU, 
Reports  of  the  Medical  and  Sui^cal  Registrars  of  the  Middlesex  Hospital  for 

1880,  1882,  and  1888.    From  the  HospUai, 
Proceedings  of  the  Boston  Society  of  Natural  History,  Yol.  21,  Part  4 ; 

Yol.  22,  Parts  1,  %  and  8.     From  the  Society, 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  Yols.  1-16. 

From  the  Academy, 
Memoirs  of  the  Boston  Society  of  Natural  History,  Yol.    8,  Nos.   6-10. 

From  the  Society, 
Proceedings  of  the  Literary  and  Philosophical  Society  of  Liverpool,  Yols. 

85,  86,  87.     From  the  Society, 
The  Asclepiad,  YoL  1,  No.  2 ;  and  Yol.  2,  No.  5.   By  Dr  B.  W.  Riohari>80N, 

F.R.&     From  the  Author, 
Report  of  the  Geological  and  Natural  History  Survey  of  Canada,  1880-82. 

From  the  Director,  Alfred  R  C.  Selwyn,  LL.D,,  F,RS, 
Bulletin  of  the  Califomian  Academy  of  Science,  No.  1,  1884  ;  Nos.  2  and  8, 

1886.     From  the  Academy, 
Transactions  of  the  Royal  Society  of  Edinbui^gh,  Yols.  18-20;    Yol.  21 

Part  2 ;  Yol.  80  ;  and  YoL  82,  Part  1.     From  the  Society. 
Proceedings  of  the  Royal  Society  of  Edinburgh,  Yols.  1,  2,  8,  11,  and  12. 

From  the  Society, 
Journal  of  the  Royal  Society  of  New  South  Wales,  YoL  17.   Fnm  the  Society. 
Prooeedings  of  the  Cambridge  Philosophical  Society,  Yols.  1,  2,  and  8; 

Yol.  4,  Parts  4-6  ;  Yol.  5,  Parte  1  and  8.    From  the  Society. 
On  a  New  Organ  of  Respiration  in  the  Tunicata,  by  Professor  W.  A. 

Hx&DMAK,  D.Sc.,  F.R.S.S.  etc.    F^rom  th^  Author. 
Prooeedings  of  the  Perthshire  Society  of  Natural  Soienoe,  YoL  1,  Fitrte  1,  2, 

and  4  ;  YoL  2,  Part  8.    From  the  Soeiety, 
Traasaetiont  of  the  Manchester  Geological  Society,  Yol.  18,  Part  2  ;  YoL  14, 

Parts  7  and  17 ;   Yol.  17,  Parte  7-18 ;   YoL  18,  Parte  1-9.     From 

the  Society. 


S14  Procecdiags  0/ the  Jioi/al  Phytieal  Society. 

DuHciigitivo  Sketch  of  thi  Pliyiiul  Gtognphj  and  G«o\ogj  of  the  E 

□r  CanuU,  by  Mcsara  9blwt!(  and  DAwaoK.      Frvot  Ik*  G*cto^tai 

Survey  of  Canada. 
Comi«nitive  Voubnlarica  of  the  InduD  Triba  oX  Britiah  CoIumbU,  witb  mtps 

by  MeunToLMiE  and  Dawson.  From  It*  Otologieai  Stirvtjf  0/ CamJ^ 
Stailiei  from  tha  lliologiol  Lsboratory  of  the  Johna-Hopkina   Unirtnity. 

Vol.  2,  No*.  S,  3,  and  1.     From  He  VnirtTtUii. 
Tnuisnctiona  of  the  llotauical  Society  of  Edinbnigh,  Tola^   I,  8,  4,  and  5; 

Vol.  2,  Tart  3  ;   Vol.  9,  Part  2 ;   Vol  11,  P«t  S  j    VoL  IS,  Part  1 ; 

Vol.  14,  Part  3;   Vol.  IG,  Part  1  ;   and  Vol  1«.  Pftrt   1.     Fnm  lit 

U.S.  OeoIoKical  Surrey  Beportt.     (1.)  VoL   8,  Tertiary   Vartebrata,   E  1. 

(2.)  Vol.  8,  The  CreUceou*  and  Tertiary  Floraa.      From   tiU  Sm.  tlU 

Serrdarg  qf  the  Interior,  U.S.A. 
Ilullctin,  U.S.  aoological  Survey,  Vol,  Q,  No.  S.    Prom  Ac  Mtm.  iJU  Stcrttarj 

of  Ute  ItUerior,  U.S.A. 
Miw'elluii.'ouii  Pulilii'stinn,  U.S.  Geolo{tical  Surrey,  Bibliognphj-  of  Karth 

Aiiieriaui  Invcrtsbrate  PaUsoutology.     Fr«M  lAt  Ban.  Ike  Sterdeay^ 

Uu  Interior,  U.S.A. 
Traiuactioni  of  tha  Itoyal  Scottish  Society  of  Arta,  Vol.  1,  Parts,  3,  4,  aad 

Apiwndix  ;  Vol.  2 ;  Vol.  10,  Part  S ;  Vol  11,  Fait*  1  and  8.     Fnm 

Ike  Socittg. 
TranMctiona  of  the  llertfonUhire  Natnnl  History  Society,  ToL  3;  Part*  1, 

2,  S,  and  4.     ^nMfi  tKt  Society. 
Transactions  of  the  Royal  Doblin  Society,  Vol.  1  (New  Seriaa)  ;  VoL  2 ;  VoL 

8,  Parts  1-6.     From  Uu:  Soeietf. 
Proceediijga  of  the  Royal  Dublin  Society,  Vols.  1  and  2 ;  Vol.  S,  i^arta  fl  and 

7  ;  Vol.  4,  P»rta  1-8.     From  Ok  Soeiet]/. 
Proeeedingn  of  the  PhiloMpliical  Society  of  Qlaagow,  Vol*.  2,  3,  I,  14,  ud 

16.     From  Uu  Soeielg. 
BcmarltB  upon  the  Theory  of  Hereility.     By  Profeaaor  W.  A.  Hkrdhax, 

D.Sc.,  F.K.S.K.     Frvm  the  A  alitor. 
Account  of  Edinburgh  University  Ttrcentcnary   Feitival.      Edited   by  R. 
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Oin  de  Spektropbotometriske  Kenstantera  Variation,  af  J.  G.  Otto.    From 

the  Author, 
Om  Oxyphffimoglobin  af  Svineblod,  af  Jac.  G.  Otto.    From  the  Author. 
Om   Syorlsyrens   galvanbke   LedniDgseme   og.    dennee   Afhsngighed   af! 

Temperaturen,  af  S.  Hbnrichsen.    From  the  Author, 
ProoeediDgs  of  the  BirmiDgham  Philosophical  Society,  Vol.  1,  Nos.  1,  2,  8  ;• 

and  No.  4,  Part  1. 
Proceedings  of  the  Nova  Scotia  Institute  of  Natural  Science,  Vol.  6,  Part  2. 

From  the  Institute. 
Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences,  Vols.  1-8  ; 

VoL  4,  Parts,  1,  2 ;  Vol.  5  ;  and  Vol.  6,  Part  1.     From  the  Academy, 
Journal  of  the  Royal  Microscopical  Society,  London,  VoL  6,  Parts  1,  2. 

From  the  Society, 
Mtoioires  de  I'Acad^mie  Imp^riale  des  Sciences  de  St  Petersbouig,  7*  a&nc. 

Tomes  1-29  (1858-81) ;  Tome  81,  Nos.  116 ;  Tome  82,  Nos.  1-8. 

From  the  Academy. 
Bulletin  de  rAcad&nie  Imp^riale  des  Sciences  de  St  Peterabourg,   Tomes 

1-27  <1854-81) ;  Tome  28,  Nos.  8,  4  ;  Tome  29,  Nos.  1-4  ;  Tome  80, 

No.  1  (1885).     From  the  Academy. 
Oompte  Rendu,  de  la  Soci^t6  Helvetique  des  Sciences  Naturelles,  1882  and 

1888.     From  the  Society. 
Compte  Rendu,  de  la  Soci^t^  de  Physique  et  D'Histoire  Naturelle  de  Gendve, 

1884.    From  the  Society. 
Verhandlungen  der  schweizerischen  naturforschenden  Gesellschaft  in  Z<irich, 

Jahresbericht,  1881-82  and  1882-83.    From  the  Society, 
Boletin  del  Ministerio  de  Fomeuto  de  la  Bep(iblica  Mezicana,  Tomo  9,  Nos. 

65-80 ;  Tomo  10,  Nos.  1-6.     From  the  Republic 
Transactions  of  the  Manitoba  Historical  and  Scientific  Society,  Nos.  5-18; 

and  a  History  of  Hudson's  Bay  (our  Northern  Waters),  by  C.  N.  Bell, 

Vice-President.    From  the  Society, 
Johns-Hopkins  University  Circulars,  Vol.   4,  Nos.  87  and  88.     From  the 

University. 
Proceedings  of  the  Yorkshire  Geological  and  Polytechnic  Society,  Vols.  6,  7 

(1871-81) ;  and  Vol.  8,  Parts  2,  8.     From  the  Society. 
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